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FOREWORD 
This timely publication deals with a problem that will be widely discussed 
by agricultural leaders during the next several months. Dr. Thompson combines 
experience as an agronomist with interests in climatology, statistics, and 
agricultural policy to provide a most unusual analysis of weather and crop 
yield trends, and relates weather variability to the need for larger grain 
reserves. 
It is the policy of the Center for Agricultural and Economic Development 
to encourage analytical thinking about problems relative to growth and adjust-
ments in agriculture. The usual approach of the Center is to invite authorities 
from wherever they reside to come together and focus on a particular problem, 
and to publish the proceedings of their efforts. 
This publication represents an individual effort which we also wish to 
encourage. The interpretations, forecasts and points of view are Dr. Thompson's, 
which we respect even though all readers may not agree on specific points. 
Such analyses are essential to the development of policies in view of the 
changing role of American agriculture in helping to meet the food needs of a 
rapidly growing world population. 
v 
Earl 0. Heady, Executive Director, 
Center for Agricultural 
and Economic Development 
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INTRODUCTION 
The United States has recently become the primary source of grain for the 
grain deficit regions of the world. Our exports of wheat, corn and soybeans 
have doubled in the past ten years. 
The recent upsurge in our grain export rate has been the result of (a) a 
declining rate of farm output per capita in the world since 1958, (b) an in-
creasing rate of grain yield per acre in the United States since 1955, and (c) 
a national policy to reduce substantially the surplus grains which had accumu-
lated in the United States by 1960, 
Much of our increase in the production of grain in the United States since 
1955 has been due to a period of generally favorable weather that followed a 
period of generally unfavorable weather in the central part of the United States, 
where most of our grain is produced. 
The period of favorable weather has had two important influences on grain 
production: (a) the direct effect of favorable moisture and favorable temper-
ature conditions on plant growth, and (b) the interaction of favorable weather 
with increased plant populations and increased use of chemicals, In other words, 
farmers continued to increase capital inputs in crop production and continued to 
increase plant populations per acre because of favorable results. 
The stimulation of technology inputs in grain production by favorable 
weather is a factor that is difficult to measure. But it is possible to dif-
ferentiate between the influences of weather and technology as crop production 
per acre is increased over a period of thirty or more years. It is very 
important that policymakers recognize the contribution of favorable weather 
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to our recent high yields. Our grain reserves must be large enough to tide us 
over a period of unfavorable weather. This is particularly true now that many 
other countries must depend on the United States for grain supply. Until re-
cently, we looked on the need for a reserve just large enough for our own 
needs in a year following a poor crop. We now have a need for a reserve large 
enough to maintain a continuous and dependable supply for our export customers. 
Furthermore, since we are the principal supplier of grain in the world market, 
we must maintain a large reserve in order to maintain stablity of world prices. 
The purpose of this report is to show the relative contribution of weather 
to that of technology in the achievement of our recent high yields of corn and 
soybeans. 
This report represents a revision of CAED Report 17, entitled "Weather 
and Technology in the Production of Corn and Soybeans," published in 1963 (38). 
A revision was desirable to reflect the acceleration in technology inputs in 
corn production since 1960 (39). The scope of the report has been enlarged to 
reflect the growing importance of the United States in world markets for corn 
and soybeans. 
The statistical details of interest to the researcher are included in the 
appendix. 
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WEATHER VARIABILITY 
While it is customary to refer to normal temperature or normal rainfall, 
one should realize that the term normal in this case refers to the arithmetic 
average of the measured variable. 
Normal weather is rarely experienced. The usual experience is some devia-
tion from the normal. The weather variables of greatest significance in agri-
culture are rainfall (or precipitation) and temperature. These variables fluc-
tuate greatly, and to a very great extent in a random fashion. As a matter of 
fact, it has become customary to treat weather as a random variable in economic 
analysis. In other words, there is no recognition of trends in weather, nor of 
cyclical weather patterns, when one treats weather as a random variable. 
Statisticians who have attempted to measure cyclical patterns in weather 
have concluded that there is no regular or rhythmic pattern in weather that is 
predictable (16). 
There is enough evidence of cyclical trends in weather variability, how-
ever, to advise against the treatment of weather as a random variable; but 
variability is not rhythmic enough to produce a prediction equation. 
This report is based on a "middle of the road" concept of weather vari-
ability. Weather variability is neither random nor rhythmic in the true sense 
of these words. Weather tends to fluctuate in irregular patterns resulting in 
alternation of periods of favorable and unfavorable weather in the cool temperate 
bands around the earth, where most of our grain supply is produced. In other 
words, one can expect several years of relatively unfavorable weather after a 
series of years of favorable weather in the middle latitudes of both the northern 
and southern hemispheres. 
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The grain belts of North America, Russia, and China in the northern hemi-
sphere and the grain belts of Argentina, Australia, and South Africa in the 
southern hemisphere are situated between the 30th and 55th parallels. These 
"grain belts" are situated on similar soils developed under similar vegetation 
under similar climatic regimes. They also seem to be affected somewhat in the 
same manner by weather variability. 
Dr. Hurd C. Willett, Professor of Meteorology, Massachusetts Institute ,,f 
Technology, has observed that our prolonged drought periods in our western plains 
occurred in the nineties, the teens, the thirties, and the fifties. He has 
stated that "There is some evidence that a similar drought pattern has been 
followed also in the southern Union of Soviet Socialist Republic and in Australia" 
(45)' 
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Figure 1. The principal "grain belts" of the world are situated between the 
30th and 55th parallels and on soils which developed under grass or broadleaf 
(deciduous) forests. 
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My own analyses show that Russia experienced a period of unfavorable weather in 
grain production in the early nineteen fifties with very low production in 1953. 
Grain production improved steadily in Russia from 1953 to 1958 just as experienced 
in the Great Plains of the United States in the same period. Russia's peak year 
in wheat production per acre was in 1958, when we experienced our peak year in 
the United States. Our record yield of 27.5 bushels per acre achieved in 1958 
still stands as late as 1965. 
The important points to recognize are that (a) weather is "globe encircling," 
(b) that our principal grain producing areas occur in the encircling bands 
around the earth, and (c) that more than one important grain producing area 
might be adversely affected at the same time in history. 
The droughts in the southern hemisphere in 1965 have affected wheat pro-
duction in Australia and Argentina in a similar fashion. The cool, wet September 
of 1965 was "globe encircling" in the northern hemisphere and adversely affected 
the harvest of grain in North America, Europe, Russia and China. 
The causes of weather variability remain obscure, but the evidences of 
periodic droughts are abundant and clear. Weakly (4~ has recently reported 
an extensive investigation of drought periods in Nebraska by analyses of annual 
growth rings of trees. He concluded that drought periods varied greatly in 
length as well as in distribution over time. The last four drought periods 
recorded by tree ring growth in western Nebraska were: 1884-1895, 1906-1913, 
1931-1940, and 1952-1957. These drought periods are reflected also in a general 
way by corn and wheat yields in Nebraska and neighboring states. 
With regard to tree ring growth and weather patterns in western Nebraska, 
Weakly (44) wrote the following: 
There is considerable irregularity in the length of period rep-
resented by the several climatic pulsations, so that the data 
are of little use in exact forecasting of probable climatic 
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conditions. Their chief value lies in the fact that they show 
an alternation of wet and dry periods over a considerable extent 
of time, with no evidence that climate has changed greatly in 
the relatively recent past or is changing radically at present. 
In other words, droughts have occurred at more or less frequent 
intervals over the past 400 years and will in all probability 
continue to do so in the future. When these periods will occur 
and what will be their intensity or duration remain yet to be 
discovered. 
In a recent publication (19), Wayne Palmer of the U.S. Weather Bureau 
states that there were 28 drought periods in western Kansas over a span of 76 
years, and that there was drought 37 percent of the time, and wet spells under-
way 37 percent of the time. He states that "It may seem unrealistic to have 
three-fourths of the time devoted to either a drought or abnormally wet weather; 
but it is a well known fact that normal or average weather does not occur very 
frequently, even on a monthly basis." Palmer's study shows that Iowa experienced 
drought 32 percent of the time from 1930 to 1962. 
Over a large land mass, as in the central part of the United States, high 
temperature is usually associated with low moisture content of surface soils. 
When soils are moist, a high proportion of the sun's energy is dissipated in 
evaporating moisture from the soil. On the other hand, if the surface soil is 
nearly dry, a high proportion of the sun's energy is available to heat the 
atmosphere. So, in general, abnormally high temperatures in the summer are 
associated with abnormally dry soil conditions. 
The most significant fluctuations in weather are to be found in summer tern-
peratures in the grain belt of the central part of the United States. Figure 2 
shows the fluctuations in July temperature in Iowa and Missouri from 1900 to 
1965. While the year-to-year variation is obvious, there is also indication 
that weather becomes warmer for a period of years, and then reverses itself 
and becomes cooler for a period of years. 
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Figure 2. Variations in July temperature in Iowa and Missouri from 1900 to 
1965. 
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The summer of 1901 was very warm, but the next several summers were cooler 
than average. There was a warming trend from 1906 until 1916, and then a slightly 
cooling trend until 1924. A warming trend occurred from 1925 until 1936, then 
a cooling trend continued until 1951, when the Corn Belt had a very short season 
and quite cool summer weather. There was a period of warmer-than-average 
weather from 1953 to 1957 in the Corn Belt, and a cooling trend into the sixties. 
According to Willett (46), the Corn Belt is in a cooling trend that will be re-
versed in the latter half of the decade of the nineteen sixties. 
There is much to be learned about periodic fluctuations in weather patterns 
and their causes. Kn~ledge of such phenomena is particularly pertinent to 
long range planning of acreage allotments of crops under production control. 
And, of course, the development of policies governing storage of surplus com-
modities must be based on assumptions about future production. 
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Figure 3. The average paths of jet streams in the eastern half of the United 
States. After Landsberg (14). 
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CORNBELT PRECIPITATION 
Dr. H. E. Landsberg, Chief Climatologist for the U.S. Weather Bureau, has 
called attention to the high degree of dependability of early summer rainfall 
in the Corn Belt as an important factor in successful production of corn (14). 
The Corn Belt is characterized by light precipitation in the winter, but in-
creasing amounts of precipitation through April and May into June, then de-
creasing precipitation until September, then a fair amount of precipitation in 
September and October. Landsberg provides evidence that the distribution of 
rainfall throughout the year is related to the jet streams and their related 
"storm paths." The jet streams, as they encircle the earth, tend to traverse 
the Southern States in the winter, but migrate northward during the spring and 
into the late summer. By late August, the jet streams generally traverse the 
continent in southern Canada or northern edge of the Corn Belt. Toward the 
end of August or September, the path of the jet stream moves southward, so 
that by November the path is south of the Corn Belt. 
The seasonal migration of the jet streams certainly appears to affect the 
seasonal distribution of precipitation. The migrations of the jet streams and 
the year-to-year variations in their paths in a given month probably account 
for much of our fluctuations in weather. However, our knowledge of the jet 
streams in the northern and southern hemispheres goes back only to the early 
fifties; therefore their relation to cyclical weather patterns, other than 
seasonal weather patterns, is unknown at this time. 
Figure 4 shows the average amounts of rainfall occurring during each 
month of the summer in the Corn Belt, compared to the curve of utilization of 
moisture by the corn crop. The graph indicates that more rain falls during 
June than the crop can utilize in that month, and it indicates that July and 
10 
the early part of August are the deficit periods. According to Shaw, Runkles 
and Barger (27), corn in Iowa needs about 25 inches of water during the growing 
season, and needs 6 to 7 inches at the peak of water requirement in July. The 
graph certainly indicates the need for a moisture reserve in the soil in July, 
since only about half the water requirement of July usually falls as rain 
during the month. 
• 
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Figure 4. The water requirement curve for corn in relation to summer rainfall 
in five Corn Belt states. 
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THE RESPONSE OF CORN TO WEATHER VARIABLES 
This report is based on a study of the response of corn to rainfall and 
temperature. Monthly averages have been used to measure statistically the 
relationship of corn yield to weather variables. 
Rainfall in any given period may be too high or too low for optimum 
growth of corn. Likewise, temperature may be too high or too low for optimum 
growth. This means that corn responds to a weather variable such as rainfall 
or temperature in a curvilinear fashion. A graph of corn yield plotted against 
a weather variable produces a curve, and, of course, the highest yield, or 
. optimum level, would be at the top of the curve. 
The following discussions are based on a statistical study, the details 
of which are presented on page 90 of the appendix. The Corn Belt states in· 
eluded are Illinois, Iowa, Indiana, Missouri, and Ohio. 
Preseason Precipitation 
Ideally, one should have a measure of subsoil moisture accumulated at 
planting time in order to calculate the influence of preseason precipitation 
• 
on corn yields. Such measurements are not available for long periods of time; 
therefore, the best available data over many years are the monthly precipitation 
data from September to May inclusive. 
The average amount of preseason precipitation for the Corn Belt is 25.24 
inches. The averages range from 19.0 inches for Iowa to 28.0 inches for 
Indiana. The average preseason precipitation values are 25.6, 26.0 and 27.4, 
respectively, for Illinois, Ohio, and Missouri. The over-all range is from a 
low of 11.36 inches for Iowa in 1934 to a high of 39.93 inches for Indiana in 
1939. 
The curve in figure 5 indicates an optimum of approximately 27 to 28 inches. 
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The dot on the curve indicates the Corn Belt average. It is of great signif~ 
icance that the average is near the top of the curve, which means that average 
is optimum. Since Iowa has an average of only 19 inches, it is expected that 
above average preseason precipitation would increase yields of corn. Two or 
three inches below average preseason precipitation would be expected to reduce 
yields appreciably in Iowa, whereas such a reduction below state averages in 
Indiana or Ohio would be expected to have very little influence on corn yields. 
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Figure 5. The average response of corn to preseason rainfall in five Corn 
Belt states. 
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It is very rare for Ohio or Indiana to have a deficit in subsoil moisture 
at corn planting time. Corn in these states is more prone to suffer adversely 
from too much moisture from September through May than to receive inadequate 
preseason precipitation. It is in the western part of the Corn Belt where 
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preseason precipitation is likLly to be a limiting factor on corn yields. 
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Figure 6. The average response of corn to summer rainfall in five Corn Belt 
states. 
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Seasonal Rainfall 
As early as 1914, Smith (29) reported a statistical study showing that 
July rainfall was the critical weather factor in corn yields in Ohio. He also 
indicated that best yields were obtained with less than average rainfall in 
June. The late Henry A. Wallace (42) made a multiple regression analysis of 
corn yields and weather variables in 1920 and observed that July rainfall was 
the most important weather factor in corn production. 
Figure 6 is from a multiple curvilinear regression analysis of corn 
yields in the five Corn Belt states for the period 1930 to 1965. The results 
confirm the observations of earlier studies indicating that above average rain-
fall in July tends to increase yields of corn, whereas above average rainfall 
in June tends to decrease yields. The curve for July is much steeper than the 
curve for June, a fact which indicates a greater influence of variations in 
July rainfall. 
The dots on the curves indicate the average or normal rainfall for the 
different months for the Corn Belt. The averages are 4.34, 3.56, and 3.41 
inches respectively for June, July and August. 
The range in August rainfall is not great enough to determine the op-
timum amount of rainfall. The graph indicates that higher yields are assoc-
iated with higher than average rainfall in August. The graph also indicates 
little effect of below average rainfall in August. A word of caution is in 
order at this point. The curves were calculated from a multiple regression 
equation with August temperature in the equation. As will be recognized in 
subsequent paragraphs, higher than normal temperature in August is detrimental 
to corn. High temperatures in August are frequently associated with drier 
than normal surface soils. Therefore, low rainfall in August is likely to 
16 
show up as a high temperature effect in August. 
It is well known by farmers that corn can stand a relatively dry August 
if subsoil moisture is adequate and if temperature remains near normal. 
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Figure 7. The average response of corn to summer temperatL,re in five Corn Belt 
states 
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Seasonal Temperature 
The Corn Belt, for the most part, has been in cultivation for more than a 
century. There has been adequate time for adjustments to occur so that the 
greatest concentration of corn production should occur near the climatic optimum. 
As has been shown by Rose (20), the risk in growing corn becomes greater the 
farther one is from the center of optimum climatic conditions. 
The optimum summer temperatures are reflected by the curves in figure 7. 
The tops of the curves are the optimum levels and the dots on the curves repre-
sent the normal or average temperatures for each month. It is most significant 
that the normal is practically optimum. This is the fundamental reason why 
the Corn Belt is represented best by Iowa, Illinois, Missouri, Indiana, and 
Ohio. 
The normal temperatures are 71.97 , 75.98 , and 74.33 , respectively, for 
June, July, and August. The optimum temperatures for July and August are about 
two degrees below normal. The curves bend down sharply as the temperature rises 
above normal in July and August, and the curve is steeper for August than for 
July. This would indicate a greater detriment from hot weather in August than 
in July. 
August is the period when seeds are filling. High temperatures in August 
not only hasten exhaustion of soil moisture, but they also increase the rate of 
respiration. When temperatures remain normal or slightly below in August in 
the Corn Belt, there is maximum photosynthesis and normal respiration. As the 
temperature rises above normal, photosynthesis is reduced somewhat, and more 
of the products of photosynthesis are consumed in respiration rather than being 
stored in the seed. 
The normal daily range in temperature during July and August is about 60 
18 
to 900 in the Corn Belt. When the temperature rises above 900 during the day, 
there is a noticeable effect on the growth of corn. Perhaps the optimum daily 
high is more nearly 86°, and 90° is enough of a departure from optimum to show 
adverse effects on corn. At any rate, the cumulative degrees above 90° during 
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Figure 8, The cumulative degrees above 90 degrees for Ames, Iowa, during July 
and August. 
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July and August provide the best single measure of the effect of weather on 
corn yields. Figure 8 shows the cumulative degrees above goo for Ames, Iowa. 
We can illustrate how this information is recorded with an example. Assume 
that during the first five days in July the daily high temperatures were: g1, 
go, g2, g4, and g6, The cumulative degrees above goo would be 1+2+4+6 or 13 
degrees for the five days. 
During the very favorable year of lg63, the temperature at Ames, Iowa, 
reached goo on only two days in July and three days in August. By contrast, 
during the extreme drought year of lg36, the temperature reached goo on 26 
days in July and on 22 days in August. And, indeed, the temperature was above 
100° for 16 days in July and four days in August in lg36. 
The drought of 1g47 in August was associated with higher than normal pre-
season and June rainfall, but the weather turned warm and dry in July and 
August. At the Ames station, the temperatures reached goo during nine days in 
July and 22 days in August, and reached 100° on two days during each of the two 
months. 
As a general guide in the Corn Belt, one may keep a record of the cumula-
tive degrees above goo for July and August and assume a loss of one bushel per 
acre per 10 cumulative degrees. The loss in yield would be subtracted from 
the yield expected with normal weather. 
While the discussion so far has been about the influences of higher than 
normal temperature, it should be recognized that much lower than normal temper-
atures can reduce yields. The low yields of 1g5o and 1g51, particularly in 
Iowa, were the result of cool, wet weather. The average temperatures were 68.4, 
6g,7, and 67.7 respectively for June, July, and August in Iowa in 1g5o. The 
rainfall was above normal in June and July but below normal in August. The 
20 
yield of corn was 48.2 bushels per acre in 1950 in Iowa, when the expected 
yield with normal weather was above 60.0 bushels per acre (see figurelO on 
page2~. 
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THE TREND FOR TECHNOLOGY IN CORN PRODUCTION 
There was no recognized trend in corn yields in the Corn Belt from about 
1900 to 1930. Apparently, there was some improvement in yields in the early 
thirties with the rapid change toward mechanization. Hybrid corn was intro-
duced in 1935, and by 1941 the five Corn Belt states had the following percen-
tage of the acreages planted with hybrid seed: Iowa 96.9, Illinois 86.9, Indiana 
83.1, Ohio 74.6, and Missouri 48.0 percent. By 1945 the change-over to hybrid 
corn had just about made its full impact on corn yields in the Corn Belt, but 
there has been continued improvement in hybrids by plant breeders since that 
time. In recent years, there have been efforts by breeders to develop varieties 
responsive to high fertility rates and tolerant of thick populations. 
Most of the increase in yield from 1935 to 1945 was due to a change from 
open pollinated to hybrid varieties of corn. By 1946, after the end of World 
War II, the nitrogen fixing facilities built by the government during the war 
for production of explosives were being sold to private industry primarily for 
fertilizer production. These facilities provided a cheap source of nitrogen 
fertilizer in relation to the price of corn. Consequently, there was a marked 
trend in the use of fertilizer on corn from 1946 to 1953. Figure 9 indicates 
a slowing of the trend in fertilizer use from 1954 to 1960, but there were 
enough other technology inputs to keep corn yields climbing fairly steadily 
from 1945 to 1960, and nearly as steeply as from 1935 to 1945. Great emphasis 
was placed on increasing plant populations in the period after 1955. Improve-
ment in timeliness of operations has been important throughout the period from 
1930 to 1965. With improved machinery, farmers could put their crop in faster 
at favorable times and do a better job of production and harvesting. The use 
of better hybrids, better control of pests, and all other technology inputs 
22 
kept yields climbing rather steadily even though there was a slow-down in 
use of fertilizers in the last half of the nineteen fifties. With the feed 
grain program that was started in 1961, there was an acceleration in the use 
of fertilizers per acre as indicated in figure 9. Fertilizer use on corn in 
the five Corn Belt states practically doubled from 1960 to 1965. 
The rapid increase in the use of fertilizers was accompanied by, and no 
doubt stimulated by, a period of favorable weather. There has been no other 
five-year period in the history of the Corn Belt as favorable as the period 
from 1961 to 1965 inclusive. The weather influence on yield in 1964 was below 
normal, but, in terms of weather, the other years were all normal or better. 
So, undoubtedly, the acceleration in the use of fertilizer and the adoption of 
other technological inputs, including thicker populations, were stimulated 
by favorable weather and consequently broughtprofitable results. But, the 
fact remains that the technology trend was twice as steep or steeper after 
1960 than it was before 1960.1 
lThe statistical method for arriving at the technology trend is described 
on page 90. 
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Figure 9. The pounds of N+P2o5+Kz0 applied per acre on corn from 1945 to 1964 
in five Corn Belt states.l 
lrhe estimated percentages of fertilizers· applied to corn in each state 
from 1945 to 1964 (1). 
N Pzos KzO 
I 11 inois 85 63 63 
Indiana 72 63 65 
Iowa 95 86 95 
Nissouri 65 46 49 
Ohio 69 60 57 
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WEATHER AND TECHNOLOGY IN THE PRODUCTION OF CORN 
The separation of the influence of weather from technology in the produc-
tion of corn has been a most challenging objective. One method would be to use 
a moving average and assume the deviations from the moving average to be due to 
weather. The moving average would be considered the technology trend. There 
are two disadvantages to such a method. First is that if one uses a long 
period -- say nine years -- for the moving average then he must make assumptions 
about yields four years into the future in order to have a nine year moving 
average for the present year, 1965. The second disadvantage is that if there 
is a cyclical pattern in the weather then the weather trend becomes a part of 
the technology trend. Such a method was used recently by Lawrence H. Shaw and 
Donald D. Durost of the Economics Research Service, USDA, in their Agricultural 
Economic Report No. 80 entitled "The Effect of Weather and Technology on Corn 
Yields in the Corn Belt, 1929-62." Their method led them to state that "The 
adjusted corn yield series for the Corn Belt indicate that except for short 
periods within the 33 year span, the effect of weather was negligible." 
The method used by Shaw and Durost led them to conclude also that there 
were two significant periods of technological growth in corn production 
from the midthirties to the midforties and after the midfifties -- with a 
plateau of relatively stable yields from the midforties to the midfifties. 
As will be indicated by another method of analysis, there was a period of un-
favorable weather in the early fifties that caused those authors' nine year 
moving average to reach a plateau from the midforties to the midfifties. It 
is illogical to accept the existence of a plateau in yields due to a lag in 
technology in the period from 1945 to 1955 because as shown in figure 9 on 
page 23, most of the increase in fertilizer use from 1945 to 1960 was experienced 
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by 1954. 
The research described in this report, making use of the statistical 
method known as multiple regression, leads to entirely different conclusions 
about the importance of weather in corn production. However, Shaw and Durost 
(25) have commented regarding this method: "Because of the difficulties in 
specifying the appropriate trend and meteorlogical variables in aggregative 
data, and because certain assumptions regarding the statistical model are not 
valid, the multiple regression technique is not satisfactory for aggregate 
analysis." They also stated that "The assumption of constancy of the relation-
ship between yield and meteorlogical factors does not hold because improve-
ments in technology have lessened variations in yields due to weather." As 
will be shown subsequently, the trend can be specified appropriately, and 
there is no basis for their statement that technology has lessened variations 
in yields due to weather. Our weather has fluctuated less in the Corn Belt in 
recent years, but the effects of weather can be just as severe as in the thirties 
and forties, as will be indicated on page 28. 
Multiple regression has become a very popular method of measuring the 
relative and simultaneous influences of two or more independent variables on 
a dependent variable. The development of high speed computers has made mul-
tiple regression a valuable and inexpensive statistical tool. Though known 
for many years, the method was not used widely until fairly recently because 
of the great amount of time necessary with a desk calculator to make the 
necessary computations. The technique used in this study was described by 
Dr. Mordecai Ezekiel in 1941 in his text book entitled Methods of Correlation 
Analysis (7). 
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The Results of Multiple Regression Analysis 
Earlier in this report, in the section on "Response of Corn to Weather 
Variables," seven weather variables influencing corn yields were identified: 
preseason precipitation, June rainfall, June temperature, July rainfall, July 
temperature, August rainfall, and August temperature. In addition, there is 
an eighth independent variable influencing the dependent variable (corn yield); 
this is the technology factor, which is a trend factor. 
The results of the multiple regression analysis for Iowa corn yields are 
shown in figure 10. The trend line for technology represents the yield if all 
weather variables were normal. It has been pointed out earlier that normal 
temperature is near optimum; therefore, the trend line appears to occur at a 
rather high yield level. It was also shown previously that above normal pre-
season precipitation in Iowa would be expected to raise the yield above the 
normal level, and that above normal July rainfall would be expected to raise 
yields above the normal level. The yields were all above the normal level in 
Iowa for the five-year period 1961-65. The yields were above normal in 1942, 
1943, and 1948, and the yields were normal or near normal in 1939, 1940, 1946, 
1952, and 1958. The yields were below the normal line during 23 out of 36 
years because the weather was too wet, too cool, too dry, or too warm. 
The deviation in yields from the normal line was great in the thirties 
and progressively less through the forties, fifties, and sixties. This was 
due to less fluctuation in weather and not due to the influence of technology 
in stabilizing yields near the technology trend line, as indicated by Shaw and 
Durost. 
The most severe drought periods in Iowa after 1930 were in the midthirties 
and midfifties. There was a severe drought of short duration in 1947. The 
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Figure 10. The influence of weather and technology on the production of corn 
in Iowa from 1930 to 1965. 
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summers of 1959 and 1960 were relatively dry but relatively cool. 
In 1949 the yields in Iowa were cut drastically by corn borer damage while 
the weather was near normal. The low yields in 1950 and 1951 were due to cool· 
wet weather and early frost, particularly in 1951. 
The trend in increased yields due to improving technology in Iowa from 
1960 to 1965 was a little over two bushels per acre per year. The trend 
averaged about 0.8 bushels per acre per year from 1930 to 1960, with a some-
what steeper rise of about a bushel per acre from 1935 to 1945. Assuming a 
continued trend in fertilizer usage in Iowa, one could expect 84 bushels per 
acre in 1966 with normal weather. The probability of such a yield or higher 
is about one in three. 
Figure 11 shows the results of analyses for Illinois, Indiana, Missouri, 
and Ohio. As in Iowa, the deviations from the trend for normal weather have 
become progressively less since the midthirties. The droughts of the mid-
thirties and midfifties were more severe in the western part of the Corn Belt. 
All states show the relatively favorable five-year period from 1961 to 1965 
after a relatively unfavorable period in the early fifties. 
The weather influence in 1964 was unfavorable in all four states shown 
in figure 11. In the three-year period 1963 to 1965, yields in Missouri 
fluctuated from 61 down to 51 and up to 72, and yields in Indiana fluctuated 
from 87 down to 72 and up to 94. Such a drop in yields certainly serves as 
a warning of possible cuts in yields that could result from hot, dry weather 
such as experienced in 1934, 1936 and 1947 in the western part of the Corn 
Belt. The droughts in the Corn Belt in 1964 were not widespread. Northeast 
Iowa had a severe drought, and crops in some areas were a total loss; yet 
weather was favorable enough elsewhere to result in a state average yield of 
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Figure 11. The influence of weather and technology on the production of corn 
in Illinois, Indiana, Missouri and Ohio from 1930 to 1965. 
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79 bushels per acre. There were spots in Missouri, Illinois, Indiana and Ohio 
where the losses exceeded 50 percent in 1964. 
There is a prevailing belief that fertilizers reduce drought damage. Fer-
tilizers do reduce drought damage when subsoil moisture is plentiful, but if sub-
soil moisture is not adequate and a drought occurs during the summer months, 
corn will fail, with or without fertilizer (33). 
In 1953, much of the Corn Belt of the United States suffered a summer drought 
following a wet spring which had left subsoils well supplied with moisture. The 
crops on soils which were well fertilized came through the drought in good shape; 
crops on poor soils, which did not receive fertilizers, failed or yielded poorly. 
The drought in Missouri in 1954 cut production to 23 bushels per acre after 
a peak of 45 bushels per acre in 1948. In other words, production was cut in 
about half by drought. The weather was unfavorable in Missouri from 1951 to 
1955 inclusive but was favorable from 1956 through 1963. After a minor drought 
in 1964, yields reached an all time high for the state of 72 bushels per acre 
in 1965. 
Illinois had unfavorable weather from 1950 through 1955 but had relatively 
small deviations from normal weather from 1956 through 1965. 
Indiana had unfavorable weather from 1950 through 1955 with some improve-
ment from 1956 through 1960, and then experienced unusually favorable weather 
from 1961 through 1963. 
While Missouri suffered a severe drought in 1954, Ohio had near normal 
weather. After a minor drought in 1957, Ohio weather improved each year to 
a peak in 1962. During the 36-year period from 1930 to 1965, Ohio corn yield 
was above the normal weather trend line ten years, and three of these years 
were 1961, 1962, and 1963. During the same 36-year period, Indiana had only 
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seven years with yields above the normal-weather-trend-line and four of these 
were in the sixties. 
Finally, it should be recognized that our unusually high corn yields of 
the sixties have resulted in part from acceleration of technology and in part 
from favorable weather. Because of the tendency for alternation of favorable 
and unfavorable periods of weather, the probability for the weather being as 
good in the next ten years as in the past ten years leaves much to be desired. 
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THE RESPONSE OF SOYBEANS TO WEATHER VARIABLES 
Soybeans were planted on about 3 million acres in the United States in 1930, 
and on about 34 million acres in 1965, or an increase of 31 million acres. During 
this same period, corn acreage decreased about 36 million acres, or from 103 to 
67 million acres, To a very great extent, soybeans have been substituted for 
corn. This is particularly true in the Corn Belt states. Soybeans have been 
substituted for both corn and cotton in the Southern States. 
Soybeans have gradually become concentrated in the seven-state area of 
Minnesota, Iowa, Illinois, Indiana, Ohio, Missouri, and Arkansas. The two 
leading states in soybean production, both in acreage and yield per acre, are 
Illinois and Iowa. These two states produced 35 percent of the U.S. soybeans 
and 42 percent of the U.S. corn in 1965. 
The five states included in this study (Illinois, Indiana, Iowa, Missouri, 
and Ohio) are commonly referred to as the Corn Belt. These states will be re-
ferred to as the Soybean Belt or the Corn and Soybean Belt. These five states 
produced 65 percent of the corn and 60 percent of the U.S. soybeans in 1965. 
The boundaries of the Soybean Belt have gradually become the same as the 
boundaries of the Corn Belt because of the similarity in climatic adaptability 
of the two crops. 
Preseason Precipitation 
Figure 12 shows the response curve of soybeans to preseason precipitation. 
It is quite similar to the curve for corn shown as figure 6 on page 14. The 
normal preseason precipitation received from September through May, approxi-
mately 25.24 inches, is nearly optimum for soybeans just as for corn. 
Preseason precipitation is frequently a limiting factor in soybean pro-
duction in the western part of the Corn and Soybean Belt but rarely a 
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Figure 12. The average response of soybeans to preseason precipitation in 
five Soybean Belt states. 
limiting factor in the eastern part of the area. 
Seasonal Rainfall 
40 
An important difference in climatic adaptability between corn and soybeans 
is the response to August rainfall. Soybeans are more sensitive to dry weather 
in August than corn. As stated on page 16, corn can tolerate low rainfall in 
August if subsoil moisture is adequate and if the weather remains cool. 
Figure 13 shows the average response curves of soybeans to summer rain-
fall in the Soybean Belt. The curves indicate that August rainfall is almost 
as effective as July rainfall in soybean production. It is also significant 
that June rainfall variability appears to have little influence on soybean 
yields. Highest yields of soybeans are associated with highest rainfall in 
July and August. 
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Figure 13. The average response of soybeans to summer rainfall in five Soybean 
Belt states. 
Studies by Runge and Odell (21) at Urbana, Illinois, indicate that soybeans 
have two peaks of moisture requirement. One is in mid-July, when vegetative 
growth is most rapid and blooming begins, and the other is in the latter part 
of August, whe.n seeds are filling out. 
As discussed on page 9, the jet stream starts its migration southward in 
late August or early September, and late August rainfall is generally dependable 
in the Soybean Belt. The dependability of August rainfall is one of the main 
reasons why the United States produces about two-thirds of the soybeans grown 
in the world. 
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This is only a hypothesis, but August rainfall appears to be related closely 
to the nitrogen supply for soybeans. Whereas corn will take up a large amount 
of nitrogen and maintain a "reserve" in the plant that can be translocated to 
the seed, soybeans take up the nitrogen as needed or cause it to be "fixed" by 
the symbiotic bacteria in the root nodules. If the soybean plant takes up a 
large amount of nitrogen from the soil, little fixation occurs. In soybean 
production, little nitrogen fertilizer is used. The plant depends on fixed 
nitrogen and that released by organic matter decomposition in the soil. Organic 
matter decomposition and the release of nitrogen during August require periodic 
"soaking" rains throughout the month. If August turns dry, soybean growth is 
limited by lack of nitrogen as well as by lack of moisture in the surface soil, 
where a high percent of the roots are growing. A large amount of nitrogen is 
utilized by soybeans in filling out the seeds in the latter part of August. 
Seasonal Temperature 
The normal temperature in June and August is about optimum for soybean 
production. The curves in figure 14 indicate that optimum June and August 
temperatures would be about 72 and 74 degrees, respectively. The normal temper-
ature is about optimum in July; but in this analysis of data pooled for all five 
states, the influence of July temperature was not significant and the curve 
appears somewhat flat when plotted on the graph. It should be recognized that 
a negative correlation exists between July rainfall and July temperature. 
When it is very dry, it is usually very warm; thus the influence of July weather 
shows up in the multiple regression analysis almost entirely as a moisture 
influence. One can also interpret the results to mean that soybeans are fairly 
tolerant of the entire range in July temperature experienced in the Soybean 
Belt as long as moisture is not a limiting factor. 
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Figure 14. The average response of soybeans to June and August temperatures in 
five Soybean Belt states. 
Lower than normal temperatures in June would result in slower growth in 
soybeans just as observed in the growth of corn. Higher than normal tempera-
tures in August affect seed production in soybeans by increasing the rate of 
respiration in relation to the rate of photosynthesis. When the temperatures 
run very high in August, the seed tend to be small because some of the products 
of photosynthesis are consumed in plant respiration rather than being stored 
in the seed. 
Soybean yields are related to the number of flowers produced, the number 
of pods that mature, and the size of the seed. Weather conditions that might 
cause shedding of flowers or young pods are important in soybean yields. 
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THE TECHNOLOGY TREND IN SOYBEAN PRODUCTION 
There is frequent reference to the fact that soybean yields have reached 
a plateau since 1961. The record yield for the United States was in 1961, 
when the average yield per acre was 25.2 bushels per acre. The reason for some-
what lower yields since 1961 is that weather has been generally less favorable 
for soybeans, although Iowa achieved the best record of 30.4 bushels per acre 
in 1963. 
If there has been any five-year period since 1930 when soybean yields 
should have advanced most rapidly, it would have been from 1960 to 1965. This 
was the period when fertilizer use on corn nearly doubled in the United States. 
Soybeans were grown in rotation with corn enough to gain from the residual effects 
of the fertilizer. The most likely explanation for the lack of a recent steep 
uptrend is the rapid expansion of acreage of soybeans since 1960. There were 
approximately 23 million acres of soybeans in 1960 and more than 34 million 
in 1965. Rapid expansion of the acreage of any crop often results in somewhat 
lower yields per acre. So, perhaps the rapid expansion of soybean acreage was 
a factor to offset the more rapid increase in use of fertilizers in the Corn 
and Soybean Belt. Consequently, the trend in technology for soybeans remained 
about the same from 1930 to 1965, whereas the trend for corn became steeper in 
the sixties. 
There has been a continuous trend toward increasing yields per acre of 
soybeans since they were first grown to any significance in 1930. 
Runge and Odell (21) reported in 1960 that nearly all of the increase in 
yield of soybeans at the Agronomy South Farm at Urbana, Illinois, could be 
accounted for by changes in varities. Plant breeding has been a very im-
portant factor in the increase in soybean yields throughout the period from 
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1930 to 1965 in all states of the Soybean Belt. 
Land selection was an important factor in soybean production from 1930 to 
1960. Whereas soybeans were first grown on land less desirable than for corn, 
the trend changed toward planting soybeans on land suitable to corn. Soybeans 
have become quite competitive with corn, and corn-soybean rotations have become 
quite popular across the Corn and Soybean Belt. 
Where corn and soybeans are grown in rotation, the usual practice is to 
apply all of the fertilizer to corn, and allow the soybeans to gain from the 
residual effects of the fertilizer. Much of the increase in yield of soybeans 
since 1945 can be attributed to a general rise in fertility of Corn Belt soils 
resulting from the continued use of commercial fertilizer. 
Since there was no five-year period when technology was applied at a more 
rapid rate than any other five-year period from 1930 to 1965, a linear trend 
was used to establish the technology trend. This means that it was assumed 
that yield increases due to technology were gradual and constant from 1930 to 
1965. 
Because of the growing demand for U.S.-produced soybeans in the world ex-
port market, we may see a general rise in price of soybeans in relation to the 
price of corn. If such a price rise were to occur, we should expect a some-
what steeper rise in technology inputs in soybean production for the next ten 
years. 
The average rate of increase in soybean yields per acre in the United 
States has been about 0.3 bushels since the midthirties. However, if prices 
rise enough to encourage more fertilizers applied directly to soybeans, we 
might expect soybean yields per acre to rise from the present 25 bushels per 
acre level to about 30 bushels per acre by 1975, which would be an average 
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annual increase of 0.5 bushel per acre. 
Soybeans do not generally respond profitably to direct applications of 
nitrogen fertilizers at present price levels. If soluble nitrogen is available 
in the soil, the roots take up sufficient quantities so that the symbiotic bac-
teria in the root nodules do not "fix" nitrogen from the air. On the other 
hand, if the soil is deficient in nitorgen at the particular time of need, the 
bacteria will fix nitrogen from the air, provided other nutrients they need 
are available in sufficient amounts. For this reason, if soybeans are fer-
tilized at all, they usually receive only phosphorus or phosphorus and potassium. 
Soybeans have a very large nitrogen requirement, and the amount provided 
by the "nodule bacteria" is not sufficient for high yields. Some supplemental 
nitrogen is needed, and this appears to be best if derived from decomposing 
soil organic matter gradually throughout the growing season. The highest 
yields reported by farmers have been from situations where soils were well 
supplied with decomposing organic matter coupled with frequent summer rains 
and favorable temperatures. 
In conclusion, it appears that the real handicap in raising soybean yields 
to higher levels is the nitrogen problem in soil management. But if the price 
of soybeans were to rise to about three times the price of corn, we should see 
more direct application of fertilizer, including nitrogen, to soybeans. 
There is another possibility in greater yields of soybeans and that is by 
the use of TIBA (triiodobenzoic acid) which can be sprayed on soybeans to in-
crease pod setting (9). This new technique is not used commercially yet, but 
such applications of growth regulators will undoubtedly play an important role 
in soybean production in the future. 
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WEATHER AND TECHNOLOGY IN THE PRODUCTION OF SOYBEANS 
Weather was generally favorable for soybeans in the three-year period 1961, 
1962, and 1963. There was generally unfavorable weather in 1964 but some improve-
ment in 1965. Iowa expected a normal yield of more than 27 bushels per acre by 
the end of August in 1965, but unfavorable weather in September reduced yields 
to 25.5 bushels per acre. The drought of the northeastern states that started 
in 1963 spread into Ohio and cut yields in that state to levels below normal 
during 1963, 1964, and 1965. 
Figure 15 shows the soybean yield record in Illinois from 1930 to 1965. 
The average annual yield increase per acre from technology inputs was about 
0.17 bushels per acre in Illinois during the 36-year period. By 1930, Illinois 
was the leading soybean producing state, and the average yields were above 20 
bushels per acre with normal weather. The normal-weather-yield level for 
Illinois in 1965 was about 27.5 bushels per acre, but the yield estimated by 
the USDA was 29.0 bushels per acre because of better than normal weather. 
Throughout the period from 1930 to 1965 there were 10 years when yields 
were above the trend line for normal weather in Illinois, and four of those 
years were in the sixties. 
Figure 16 shows the yield trends and yield variations for Iowa, Missouri 
Indiana, and Ohio. During the period from 1930 to 1940, Missouri soybean 
yields were below normal in all but three years, but from 1940 to 1950 yields 
were above normal in all but three years, and a peak was reached in 1950 that 
held until 1958. 
There was an unfavorable period for soybeans in Missouri from 1953 to 1955, 
but there has been generally favorable weather for the past 10 years. During 
the past 10 years, yields have been above the trend line for normal weather 
41 
50r-------r-----~------~------~------~------~----~ 
BU. 
PER 
AC. 
2 
I U..INOIS SOYBEAN YIELDS 
TREND FOR TECHNOLOGY AND 
EXPECTED YIELD WITH 
NORMAL WEATHER 
---- U.S.D.A. ESTIMATED YIELD 
---- CALCULATED YIELD FROM 
WEATHER DATA 
R2 =.94 
01~------~----~------~-------L------~------~----~ 
1930 1935 I 940 1945 1950 1955 1960 1965 
Figure 15. The influence of weather and technology on the yield of soybeans 
in Illinois from 1930 to 1965. 
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Figure 16. The influence of weather and techno1osy in the production of soy-
beans in Iowa, Indiana, Missouri and Ohio from 1930 to 1965. 
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for seven years. The steepest trend line for technology is in Missouri, where the 
average annual increase in yield per acre has been 0.45 bushels per acre. The 
trend for yield with normal weather was 24.5 bushels per acre in 1965, but the 
estimated yield was 26 bushels because of very favorable weather. The yields 
on the trend line for normal weather were 28 bushels for Iowa, 27.5 bushels for 
Indiana and 27 bushels for Ohio for the year 1965. 
The solid "wavy" line showing calculated yields based on weather data in-
dicates an improvement in weather for soybeans in Iowa from 1956 to 1963. 
Yields were above the trend line for normal weather during 11 of 36 years in 
Iowa, and four of these were in the sixties. 
Soybean yields have fluctuated less in Indiana than in any of the other 
states in the study. There was a generally unfavorable period after 1950, 
which improved in the late fifties and was better than normal in the sixties 
except in 1964. 
There is less evidence of a cyclical pattern of weather in Ohio than is 
evidenced in Iowa and Missouri. The drought effects of the thirties and fifties 
show well in the graphs for Iowa and Missouri. 
As was pointed out on pages 22 and 28, the weather for corn was better from 
1961 to 1965 than in any other five-year period from 1930 to 1965 in the Corn 
Belt. The same conclusion can be drawn for soybeans for the Soybean Belt as 
a whole, although it was not true for Ohio. The two best five-year periods 
in Ohio were around 1940 and 1960. Ohio was not affected by the drought of 
the thirties and the fifties as were the other states in the study, 
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Figure 17. Feed grain production and utilization. 
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THE SIZE OF OUR GRAIN STOCKS 
Corn is such an important crop in the United States that we tend to gauge 
our progress by what happens to corn. In 1965 the United States produced about 
232 million tc:>ns of grain and about 50 percent of this grain was corn • 
. The yield of corn per acre has climbed so rapidly in this country since 
1958 that our total grain production appears to be "getting out of hand." Much 
publicity has been given the idea of removing another 40 million acres of crop 
land from production in this country during the next five years. 
While the yield per acre of corn has been rising at a phenomenal rate, our 
yield per acre of wheat, our second most important crop, has been on a plateau 
since 1958. In 1958, our yield was 27.5 bushels per acre, and this record has 
not been achieved since that year. 
Our soybean yield per acre reached 25.2 bushels per acre in 1961 and that 
record still stands. 
It is in our feed grain sector where yields reached new levels in 1965. 
New records were set in 1965 for all four feed grain crops -- corn, oats, barley, 
and grain sorghums. 
Our production of feed grains exceeded our domestic and foreign needs 
every year from 1952 to 1960, as shown in figure 17. Our total production of 
feed grains was 156.3 million tons in 1960, and our carryover into 1961 amounted 
to 84.7 million tons. Our carryover into 1961 amounted to more than a half 
year's supply because our domestic and foreign needs amounted to 153 million 
tons in 1961. 
Our carryover of feed grains had been reduced to 55.3 million tons by har-
vest time of 1965, and our feed grain production in 1965 totaled 160.5 million 
tons. Our domestic and foreign needs have now increased to more than 160.5 
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million tons; so it appears that our stocks will be reduced further in 1966 des-
pite the fact that new record yields were set in 1965 for all feed grains. 
We have reduced our feed grain reserves to less than a third of a year's 
needs since 1961. During the same period, we reduced our reserve of wheat from 
1,411 million bushels to 819 million bushels. By July 1966 our reserve of wheat 
will drop to less than 700 million bushels less than a half year's needs. 
By October 1, 1965, we were having to use part of the 1965 soybean crop 
because domestic and foreign needs exceeded our 1964 crop plus carryover. In 
1965 the reporting date for carryover was changed from October 1 to September 1 
so that apparently we do have a carryover into 1966 of 29.6 million bushels. 
Had this change not been made, we would have had a deficit rather than a carry-
over. In other words, for all practical purposes we do not have a reserve of 
soybeans -- our third most important grain crop in terms of acreage and tonnage 
produced. 
There has been so much publicity given to the high cost of storage of grain 
that the general public has a distorted point of view about its cost and its 
significance. During December 1965, the writer was on a bus tour of the Air 
Force Academy. The major who was describing the marvelous facilities commented 
on their cost of 180 million dollars. His remark was "but that is only the 
cost of storing our grain surplus for three days." Not only was his figure 
wrong, but his concept of the value of a food reserve was wrong. Our cost of 
storing a grain reserve has been less than five percent of our National Defense 
Budget. Unfortunately our grain reserve has not been called a reserve; it has 
been designated a "burdensome surplus" instead. The term surplus bears a 
connotation of something undesirable. So, our first step is to create a new 
public image of our grain reserve which might well be designated our "food 
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reserve." We cannot store large quantities of meat very satisfactorily. We can 
freeze food products, but such a reserve is a risky one because of the dependence 
on electricity. In the event of war, bombing attacks on our electrical power 
systems would play havoc with a food reserve that depended on electricity. Our 
safest and most dependable reserve would be grain. 
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THE IMPORTANCE OF GRAIN TO MAN 
Over 70 percent of the harvested cropland of the world is used for the 
production of grain crops. Wheat is the most important grain crop followed 
by rice with corn in third place. 
WORLD HARVESTED AREA Of PRINCIPAL CROPS 
Excluding Forage and Fodder Crops 
BEVERAGE CROPS I 0% 
, RUBBER 0 4% 
SUGAR 15% : :, TOBACCO 0 4% 
FRUITS & VEGETABLES 3.7%, , : . 
RYE 3 3'1 
I 
MILLET & SORGHUM 10 1~, 
RICE 12.7'1 
CORN 11.4'1 
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Figure 18. The proportion of cropland of the world devoted to the principal 
crops. 
Soybeans are included in the oil seed crops, which also include peanuts 
and sunflower seeds. The oil seed crops plus the grain crops are grown on 
about 79 percent of the cropland area of the world. 
About two-thirds of man's source of energy is derived from the cereal 
grains and from legume seeds. Only about one-fifth of his energy is derived 
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from animal products. 
As the population pressure on the land for food increases, man will derive 
more of his energy from the cereal grains rather than feed these crops to animals. 
The reason is~mply that over 80 percent of the energy value of the grain is 
consumed by the animal in the production of livestock products for human con-
sumption. 
In those countries with food deficits, man is forced to consume more grain 
and other plant derived foods and less livestock products. 
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Figure 19. The principal sources of man's energy. 
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Figure 20. The distribution of cropland 
Because of man's primary dependence on grain crops for food, population 
densities have been closely related to cropland areas of the world. This is 
particularly true in the eastern hemisphere. In Europe, Asia, Africa, and 
Oceania, the population concentration coincides very closely with cropland 
areas where grain crops are produced. 
The world's land surface is estimated to be 32.9 billion acres. Of this 
land area, only about 2.4 billion acres are cultivated. This is only 7.3 
percent of the land surface of the earth. To the cultivated land we can add 
pastures, meadows, and tree cropland to reach a total of 30 percent of the 
land area. In other words, 70 percent of our land area is non-agricultural 
because of inadequate rainfall or too high an elevation or because it is too 
cold, too rocky, too steep, or too wet, etc. 
Africa, Asia, western Europe, eastern Europe, and Russia have 2.584 
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billion acres of arable land and about 2.8 billion people or less than one 
acre per man. In North America, South America, and Oceania, there are 887 
million acres of arable land and about 500 million people. In other words, 
in the less densely populated western hemisphere and Oceania (the new world), 
there is twice as much arable land per man as found in the old world (the 
eastern hemisphere excluding Oceania). 
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Figure 21. The distribution of world population. 
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Figure 22. The primary groups of soils of the world. 
Adapted /rom map 
br Dr. Kellvf!ll 
The Chernozem, Prairie, and Chestnut soils developed under grass, and 
the Gray Brown Podzolic soils which developed under deciduous forests are 
the most important agricultural soils. These soils developed in climates 
favorable to our principal grain crops. Generally, they occur in the tern-
perate or middle latitudes of both the northern and southern hemispheres. 
The "grain belts" of Canada, the United States, Russia, northern China, 
Argentina, South Africa, and Australia occur on these important and highly 
productive soils. 
Not only is there imbalance in the distribution of the world population 
on the arable lands, but there is also imbalance in the distribution of our 
population on our more productive soils. We have very dense populations 
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in parts of Asia, Africa, and South America where soils have low productive 
value. 
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Figure 23. The location of principal wheat producing areas of the world. 
Wheat is the most widely grown of the grain crops. Its distribution on 
the map above corresponds closely to the cropland map shown in figure 20. 
Wheat is so widely grown that the crop is being harvested somewhere in the 
world during every month of the year. 
The United States is the most important exporter of wheat in the world 
but produces only about 15 percent of the world's total supply. This is the 
really critical problem in U.S. agriculture. Despite the fact that our 
acreage in wheat has been reduced by nearly one-third since 1949, we ordinarily 
produce twice as much as we can consume in this country each year. Our export 
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market for wheat is so uncertain each year that prices tend to fall to low 
levels at harvest time. As previously pointed out, the grain belts encircle 
the earth between the 30th and 55th parallels, and because of the tendency 
for weather patterns to be "globe encircling" we must realize that when our 
crops are excellent some other regions may also produce better than average 
crops. On the other hand, when our crops are poor we may expect some other 
regions to experience lower yields. This simply means that as an important 
exporting nation we must have a system of storing large quantities of grain in 
years when there is no immediate market. In other words, we must think in 
terms of a larger reserve than we expect to have by the summer of 1966. 
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Figure 24. Corn production is confined to latitudes permitting a frost-free 
season of nearly four months. 
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Corn has become our chief crop because of our emphasis on a livestock 
economy in agriculture. The United States produces over 50 percent of the 
corn grown in the world. Russia, Yugoslavia, Rumania, South Africa, Mexico, 
Brazil, and Argentina, all combined, produce only half as much corn as grown 
in the United States. 
Corn is grown best on the dark colored soils developed under grass in the 
humid-temperate regions of the world. Corn will not grow as far north as will 
wheat in the northern hemisphere. It has been mistakenly called a warm weather 
crop, but its most important weather requirement is a frost-free season. Our 
highest yields of corn have been associated with cooler summers rather than our 
warmer summers in the U.S. Corn Belt. 
-- .. 
.... 
PBRCENT OF 
WORLD PRODUCTION 
'I'UTAL 81fJillt.OOD b_.... 
Figure 25. The location of principal soybean producing areas of the world. 
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The United States and mainland China now produce nearly 95 percent of the 
world's crop of soybeans. In 1964 the United States produced 65 percent of the 
world's soybeans and provided 96 percent of the soybeans exported in the world 
markets. 
Soybeans have proved to be adaptable to the same area as corn in the United 
States and China. Generally, soybeans and corn have the same optimum require-
ments for soils and climate with one important exception. Soybeans are more 
sensitive than corn to August drought. This is believed to be one of the im-
portant reasons soybeans have not proved to be competitive with corn in the 
southern European countries and in Latin America. Because of the growing im-
portance of soybeans as a food crop, however, we should see greater efforts 
toward developing better adapted varieties in the areas where corn is now grown 
in southern Europe, Russia, Argentina, and other areas in the "grain belts" of 
the world. 
There is great potential in soybeans in meeting the food needs of protein 
deficient areas. The lack of income may preclude the purchase of needed protein 
in the form of livestock products, so it might become necessary to make greater 
use of plant protein. Soybeans and grain mixes fortified with certain amino 
acids and vitamins provide an adequate diet for man at a very low cost. Further-
more, the use of meat substitutes made from soybean products, a recent innovation, 
will undoubtedly grow in importance. But the mixing of meat with soybean products 
will be of even greater significance. 
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THE LOOMING FOOD CRISIS 
Toward the end of 1965, we began to see much publicity about the world food 
problem. Russia announced her needs for wheat imports. India experienced the 
most unfavorable season of this century. It is estimated that the 1965 wheat 
crops in Argentina and Australia are only 70 percent as large as they were in 
1964. The unfavorable weather in September 1965 cut yields of crops in the 
grain belts of the northern hemisphere. 
There was rapid growth in farm output in the world from 1950 to 1958. 
0/o OFI952-54 
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Figure 26. The trend in population growth compared to the trend in farm out-
put. 
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For example, Russia claimed that her output.iuc'feased by 51 percent from 1953 
to 1958 (47). There was almost a 20 percent increase in farm output in this 
period over the entire world. While farm output continued to grow after 1958, 
the rate of growth slowed down and appears to have dropped in 1965. There has 
not been sufficient time to determine the full impact of unfavorable weather in 
1965; the effect may be more severe than shown in figure 26. The data through 
1964 have been published by the USDA Foreign Agricultural Service (48), At 
any rate, the population growth in the world has been at a steeper rate than 
farm output. Consequently, the farm output per capita has declined every year 
since 1958, and dropped significantly in 1965. 
A survey of food consumption in 1958, shown in figure 27, indicated that 
a high proportion of the world was included in the area with marginal or below 
-· 
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Figure 27. Levels of calorie consumption 
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normal food requirement; and as shown by the previous figure, the food situation 
is less favorable than in 1958. While figure 27 shows calorie consumption, the 
deficit in protein consumption in the food deficit areas is becoming a more im-
portant problem than calorie consumption. 
It is significant that most of the food deficit areas occur between the 
equator and the 30th parallels. As previously indicated, most of man's food 
supply is produced in the "grain belts" between the 30th and 55th parallels. 
The potential for food production is very great in the "band" between the 
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Figure 28. The relative rates of increased productivity, 
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equator and 30th parallels, but the capital requirements are great in these 
areas. The natural productivity of these soils is not as great as the soils 
in the 30th and 55th parallels from the standpoint of grain crops. More fer-
tilizer and pesticides are necessary in this area of warmer climate. 
Aggravating the food shortage even more is the fact that the rate of in-
creased adoption of technology is greatest in areas where food is abundant and 
the cropland-man ratio is the highest; and the rate of adoption of technology 
is lowest in the areas where food is deficient and the cropland-man ratio is 
the lowest. 
The problem of food for our growing population was well described by Thomas 
Malthus in his famous essay on population in 1798, in which he pointed out that 
population may grow at an exponential rate while food supply might grow at an 
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Figure 29. Population growth has followed an exponential curve since the 17th 
century. 
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arithmetic rate (1~. It was popular to ridicule Malthus until recently because 
there was enough new land for development from 1798 until the 20th century to 
provide our growing population with adequate food. Then the "break throughs" 
in hybridization, chemical technology, and mechanization since 1930 caused 
considerable complacency regarding our food production potential in relation to 
population growth. 
Our population problem is becoming acute. The exponential growth of 
population is a fact now recognized, 
At the time of Christ, the population of the world is estimated to have 
been about a quarter of a billion. The annual birth rate barely exceeded the 
annual death rate in the world until the beginning of the 17th century; and at 
the beginning of the 17th century, the world population was about a half billion. 
But as a result of lowered rates of death losses and sustained birth rates after 
the beginning of the 17th century, the world population expanded to a billion 
and a half by 1900. Since 1900 the annual rate of population increase has changed 
from about 1 percent to about 2 percent, and our world population has doubled 
from 1900 to 1965 ( 3 ) . 
Since the world population is a relatively young population, it is ex-
pected that in the next 35 years -- until the year 2000 -- the annual rate of 
population growth may become about 3 percent (18). It is also expected that 
the world population will exceed 6 billion by the year 2000, provided enough 
food can be produced. 
Our concern at the moment is from now until the year 1975. Our population 
in 1965 is about 3.3 billion and will reach 4 billion by 1975. We can expect 
an additional 700 million people by 1975 -- more than the population of India 
more than the entire population of the western hemisphere today. 
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WORLD POPULATION BY GEOGRAPHIC 
REGIONS, WITH PROJECTIONS 
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Figure 30. Population trends of regions and projections to 2000. 
The population of the world is very unevenly distributed. Asia has area 
suitable to cultivation about equal to that of the United States plus Canada 
but has more than seven times as many people. 
Asia, the area from Turkey eastward to include China, India and islands 
north of Australia, had more than half the population of the world in 1960 
and will have two-thirds of the world's population in 2000 if present trends 
continue. 
India has a land area one-third the size of the United States and has 
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more people than all of the western hemisphere. 
Japan is about the size of California and has a population of half that of 
the United States. 
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Figure 31. Population trends in the western hemisphere and projections to 2000. 
In 1920 North America (Canada and the United States) had 30 percent more 
people than Latin America, but by 1960 Latin America had 206 million people 
while North America had 197 million people. If present trends continue, the 
population of Latin America will be nearly twice that of North America by the 
year 2000. 
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Figure 32. The relation of imports to exports of grain during three periods. 
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THE IMPACT OF POPULATION GROWTH ON AMERICAN GRAIN EXPORTS 
Our increases in exports of grain in the last 10 years have com~ at a faster 
rate than expected by most people in this country. The sharp increases in rates of 
exports at the end of 1965 raise some real questions about what kind of grain 
production program we should have in 1966. Our new "farm program"1 provides 
for continued removal of land from cultivation. There is provision for re-
moving 40 million acres from cultivation over the next five years. 
During the year, October 1, 1964 to October 1, 1965, the United States 
exported about 550 million bushels of corn. During October 1965, the rate of 
export of corn began to increase over the comparable period for the year before 
--then in a five week period in November and early December 1965, we exported 
almost 100 million bushels of corn. The rates of exports of wheat, soybeans, 
and feed grains other than corn also appear to be increasing rapidly. Does 
this mean that our projections in exports must be at an exponential rate over 
the next decade? Our exports have grown at an exponential rate since 1945, 
the end of World Wqr II. 
In the pre-World War II period, western Europe was the only important 1m-
potter of grain. All other regions of the world were able to supply Europe 
with her food needs. Latin America was the leading exporter of grain, with 
North America in second place. 
In the post war reconstruction period from 1948 to 1952, North America 
moved well ahead of other regions in supplying grains for western Europe, 
Asia and Africa. Latin America dropped behind Oceania as an exporting region. 
Since 1962 Russia and some of the eastern European countries have had to 
lThe Food and Agricultural Act of 1965. 
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import grains. Furthermore, western Europe, Asia, and Africa have had to in-
crease their imports of grain, and their imports of grain in 1965 probably sur-
passed any of the years from 1962 to 1964. 
Latin America is barely able to export grains to the food deficit regions 
of Europe, Asia, and Africa. At present rates of population growth and adoption 
of technology, Latin America will become an importing region during the next 
10 years. 
Oceania has been able to increase exports by increasing technology inputs, 
but the potential for further increased production is small compared to North 
America. The 1965 drought in Australia greatly reduced her capacity to export 
wheat in 1965-66. 
North America (Canada and the United States) more than doubled the rates 
of exports during the past 15 years. North America provides about 85 percent 
of the grain imported by the food deficit regions. The United States provides 
two-thirds of the exports. 
Exports of Wheat 
The fluctuations in our export pattern for wheat since 1945 are due to 
variations in wheat production in other regions of the world. Our supply has 
been plentiful, but our exports increase as other countries experience unfavorable 
weather. Coupled with the fluctuations from year to year is an upward trend in 
our exports of wheat as shown by figure 33. Our rate of exports has doubled in 
the last 10 years. If our rate of increase from 1955 to 1965 is projected to 
1975, our exports will be at least 1.2 billion bushels. There is a real possi-
bility that our exports of wheat will be doubled over the next 10 years. It 
appears that a need will exist, and we have the potential to meet the need. 
The real handicap is the purchasing power of the needy countries. 
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Assuming our exports to be 1.2 billion bushels and our domestic needs 0.6 
billion bushels by 1975, our production would have to be about 1.8 billion bushels. 
The most we ever produced was in 1958 when we had a record yield of 27.5 bushels 
per acre and produced 1.45 billion bushels of wheat. If we can raise our yield 
to 29 bushels per acre by 1975, we will need to plant about 70 million acres and 
harvest more than 62 million acres. The increase in acreage will have to be in 
the Great Plains because of the competition between wheat, corn, and soybeans 
in the Corn and Soybean Belt. This moves wheat into a greater risk area where 
climatic fluctuations are more severe. As wheat production moves westward in 
the Great Plains, the yield per acre declines. 
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Figure 33. The export trend for wheat projected to 1975. 
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Furthermore, part of the upward trend we have had in wheat yields since 1949 
has been due to reduced acreage in wheat and to more wheat-fallow rotations. 
As more land is planted to wheat and less land is left in fallow, the yield 
per acre declines. In other words, the achievement of 29 bushels of wheat per 
acre on 62.1 million harvested acres will be a real challenge, assuming average 
weather conditions. 
Exports of Corn 
Corn was not considered an important export crop in 1955, but by 1965 
corn was being exported at an accelerated rate. Our exports were 550 million 
bushels from our 1964 crop and may exceed 650 million from our 1965 crop. 
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A conservative estimate that 1.0 billion bushels will be exported in 1975 
will mean a production of about 5.2 billion compared to our present production 
of less than 4.2 billion. In other words, we will need to increase production 
by at least 1.0 billion bushels by 1975. But for three reasons we cannot ex-
pect our recent steep trend in corn yield per acre to continue to 1975: (a) 
as we expand our acreage, yield per acre will be adversely affected; (b) our 
fertilizer consumption almost doubled in the last five years and will increase 
at a slower rate in the future; and (c) we just experienced five years of the 
best weather of any five-year period in the history of the Corn Belt. We can-
not project improvement in weather from a near optimum level. 
Because of the possibility of less favorable weather, the slowing down of 
the steep trend in fertilizer use, and the adverse effect of expanding acreage 
on yield, our 1975 average yield of corn may be no more than 75 bushels per 
acre. This would mean as much as 100 bushels per acre in some states in more 
favored locations. The highest yield achieved by any state was in 1965, when 
Indiana estimated its production to be 94 bushels per acre. 
Our needs of corn by 1975, for domestic use and for exports, will pro-
bably exceed 5.2 billion bushels. Our acreage harvested for grain will have 
to increase from our present 57 million to 70 million or more by 1975. 
Exports of Soybeans 
At the end of World War II in 1945 our annual exports of soybeans amounted 
to less than 3 million bushels and by 1952 they had grown to only 32 million 
bushels. Our exports climbed rapidly after 1952 and totaled 210 million 
bushels from the 1964 crop. We produced approximately 700 million bushels of 
soybeans in 1964. Thus, when we consider the soybean meal and soybean oil 
exported, we are now exporting over 40 percent of our soybean production. As 
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previously pointed out, the United States produces about two-thirds of the soy-
beans grown in the world. China is our principal competitor in soybean pro-
duction, but her exports are decreasing because of her food problem. 
The growing livestock industries in Japan and western Europe are causing 
increased demand for our soybeans and soybean meal. Our export rate for our 
1965 crop is exceeding our 1964 export rate. During the period September 
through December of 1965, we exported 106 million bushels of soybeans compared 
to 91.5 million in the same period in 1964. Whereas our exports of soybeans 
amounted to 210 million bushels in 1964, they are expected to exceed 240 
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million in 1966. Thus, it is apparent that we are constantly stepping up our 
soybean exports -- the curve in export rates from 1945 to 1965 is an exponential 
curve. Even the most conservative projection indicates that we will be exporting 
500 million bushels of soybeans a year by 1975. In addition to the 500 million 
bushels of soybeans, we can expect to export the equivalent of 300 million 
bushels of beans as oil and meal -- thus making a total export of about 800 
million. When we add our domestic needs, our total production will amount to 
1350 million bushels. 
If we can raise soybean yields a half bushel per acre per year by 1975, 
our yield will rise from our present normal weather yield of 25 bushels to 30 
bushels per acre. It should be remembered that our average rate of increase 
since 1930 (or 1950) has been only 0.3 bushels per acre per year. Assuming a 
yield of 30 bushels per acre, we will need to increase our acreage from the 
present 34 million to 45 million by 1975. If our yield increase is to only 
27 bushels per acre, we will need 50 million acres, and perhaps the latter 
figure is the more logical figure for planning purposes. 
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THE IMPACT OF WORLD GRAIN NEEDS ON OUR LIVESTOCK ECONOMY 
The price of grain can be expected to rise in the world market because of 
the growing need for grain to feed the rapidly growing world population. We 
can expect a gradual increase in the proportion of our grain that will be con-
sumed directly by man and a gradual reduction in the proportion of our grain 
that will be fed to livestock. 
Because swine must compete with man for grain, we can expect pork to be-
come a luxury by 1975. It is expected that we will have an increase in swine 
numbers for a few years in response to our present high prices, which in December 
1965 reached the highest level since 1948. After our next peak in hog numbers, 
we can expect no more hogs in 1975 than we have at the present time and pro-
bably a smaller number than at present. 
Poultry must compete with man for grain just as swine, but because of the 
efficiency with which poultry can convert grain to animal protein, it is expected 
that poultry production will continue to increase as our population increases. 
Since ruminant animals can make greater use of roughages, we should see 
a continued upward trend in beef cattle numbers but with our usual peaks that 
occur about every 10 years. Ruminant animals can also convert urea to protein; 
and since urea can be manufactured from petroleum products, it is presently 
competitive with soybean meal and cottonseed meal. So, if more soybean meal 
is used for human food and the price becomes much higher in relation to live-
stock products, we may see more urea fed to beef cattle. 
Dairy cattle numbers have been declining since 1945, but this decline 
should soon level off and should return to our present level by 1975. A 
part of greater milk production per animal in the period 1958 to 1965 has been 
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associated with cooler summers. Should we have a period of warm summer weather 
as in the midfifties, milk production per animal will be adversely affected. 
Our domestic use of corn will climb from the present level of 3.5 billion 
to about 4.2 billion bushels by 1975. There may be some question about this 
projection since we usually associate corn and hogs, but our domestic use of 
corn has climbed more than a half billion bushels since the late forties des-
pite the fact that hog numbers are about the same number now as they were at 
that time. Our increase in domestic use of corn will be primarily from beef 
cattle and poultry, but also in industrial uses and in corn products for human 
consumption. 
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THE PROBLEMS OF HELPING TO MEET WORLD FOOD NEEDS 
AND EXPANDING OUR GRAIN PRODUCTION 
There is no question about the need for all the grain that we can produce 
from now until 1975. The problem is that of ability to purchase the needed grain. 
If we give the grain to a couritry where grain is produced, its farmers com-
plain because we cause them to receive lower prices for their crops. At the 
same time, we realize that, in developing countries, economic growth results 
from fewer people having to produce food while more people move into jobs that 
produce goods other than food. 
It is recognized that we can help developing countries most by "helping 
them help themselves." Our Food for Peace Program helped a number of countries 
make such economic growth that they are now our best cash customers for our 
grain products. 
While one might argue that we should "turn loose" our productive capacity 
at once to help meet the food needs of the world, there are reasons for caution. 
We have a large reserve capacity in grain production in both land and tech-
nology which, if committed at once, would undoubtedly depress world markets to 
uncomfortably low levels. We and those who need our products have most to gain 
if we can gradually step up our production of grain. 
The one crop, of which we have no reserve, and for which the demand is 
rising at a phenomenal rate, is soybeans. We could increase production appre-
ciably by allowing beans to be planted on acres diverted from feed grain and 
wheat production, but such a program would not be acceptable to soybean pro-
ducers at present support levels of $2.25 a bushel for soybeans. One might 
question a support level of only $2.25 for soybeans while the support level 
for corn is $1.30, and when the average yield of corn is three times the 
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average yield of soybeans per acre. Those who have argued for lower support 
levels for soybeans have pointed out that our prices must remain competitive 
in the world market. Fortunately, our production has been balanced with demand 
so closely in the last three years that prices have remained considerably above 
the support level and the export demand has not been adversely affected. A 
serious situation is that we have no reserve of one of the most important 
grain crops in the world, and the world's principal source for export is 
produced in a region with a history of periodic droughts. 
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THE STORAGE OF GRAIN AS A FOOD RESERVE 
Because of the growing importance of the United States in meeting grain 
needs of the world, we can expect to produce a large surplus each year in 
terms of our domestic needs. And, because of weather variability in the grain 
belts around the earth, our export markets will be rather uncertain each year. 
Because of uncertainity of markets when a surplus is produced, some economists 
argue that prices would fall to very low levels in some years if we had a 
"free market" system in agriculture in the United States. Low prices would 
eventually cause lower production and depletion of surplus. Then unfavorable 
weather would cause prices to rise to levels high enough to ration the use of 
grain. 
While most farmers and farm organizations would like to see less "govern-
ment in agriculture" there is general agreement that some economic protection 
of farmers by government is necessary in the interest of society as a whole. 
Mr. Merrill Anderson, President of the Iowa Farm Bureau Federation, stated 
it very well when he said, "Our purpose has been to permit the market to 
determine prices but to use the ever-normal granary as a protection against 
unnecessarily low prices for farmers, unnecessarily high prices for consumers, 
and to guarantee food reserves for emergencies. 111 
In order to provide a "floor" under grain prices a price support system 
is necessary, and if there is to be a price support by the government then 
there must be a way of "removing" each year that part of the surplus grain 
that will not be exported or consumed domestically. This can be accomplished 
by the present system of placing the grain "under loan" and allowing the grain 
1 Speech presented during the annual meeting of The Iowa Farm Bureau Federation, 
Des Moines, Iowa, November 16, 1965 
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to become part of the "national reserve" in the event the farmer does not redeem 
his grain from under loan by a certain time. 
The support level must be low enough to allow the grain to be competitive 
in the world market, otherwise the surplus production would accumulate to 
burdensome levels. 
If production continues to exceed export-plus-domestic demand, and the 
"national reserve" exceeds foreseeable needs than a reduction in acreage would 
have to be accomplished. This can be accomplished by rewarding participating 
farmers with price supports. Nonparticipating farmers would have to sell in 
the open market which would mean that prices would drop below the support level 
in some years. 
If production falls short of export-plus-domestic needs then the grain 
can be sold from the "national reserve" as the price rises to a certain level. 
This price would have to be adjusted to higher levels as the reserve is de-
pleted to lower levels. In other words both price supports and "ceiling 
prices" would have to be flexible but farmers should know before planting 
their crops what the support level would be for their grain and what the 
minimum ceiling would be on that grain sold from the "national reserve." 
The Food and Agriculture Act of 1965 provides for price supports that 
will allow our grain to be competitive in the world market, and provides for 
a system whereby surplus grain can be placed in reserve and sold when needed. 
Our problems at this time are these: (a) the general public thinks of 
our price support program and grain storage as a subsidy to farmers and a 
burden on the consumer and taxpayer; (b) since the storage of grain is con• 
sidered by the general public to be a farm subsidy program, the USDA is under 
pressure to keep the surplus at minimum levels; (c) there is a complacency 
about the influence of weather variability because of the belief that im-
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proved technology has resulted in relatively stable yields, and (d) there is 
a tendency to think of a reserve of grain large enough only for our domestic 
needs. 
Our grain storage program must have a new public image if we are to think 
in terms of a reserve large enough to tide us over a period of unfavorable 
weather, thus meeting the needs of both ourselves and our export customers in 
the event of an unfavorable year in several of the "grain belts" of the world. 
Our grain storage program should be thought of as a strategic food reserve and 
a part of ·our national defense program. The cost of the program should be 
recognized as a cost of national security rather than a subsidy to farmers. 
The size of our food reserves will have to be determined by many factors 
such as: (a) political stability in the world, (b) the size of food reserves 
in other countries, (c) the acceptance by the general public of the idea of a 
food reserve, (d) the system we use to "charge society" for the cost of a 
reserve, and (e) whether or not we can maintain a large reserve without the 
reserve "weighing heavily" on prices received by farmers in years of favor-
able weather and good crops. 
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SUMMARY 
Weather variability was greater in the grain belt of the United States in 
the thirties and forties than in the fifties and sixties. Furthermore, weather 
for grain crops improved from the thirties to the sixties. The Corn and Soy-
bean Belt had the most favorable weather from 1961 to 1965 of any five year 
period from 1930 to 1965. 
Our recent high yields of corn have resulted primarily from the direct 
effects of weather on plant growth, but also from the interaction of large rates 
of fertilizers and thicker plant populations with favorable weather. 
We have reduced our grain reserves to minimum levels during a most favor-
able period of weather; and our weather history in the grain belt of the United 
States shows that periods of warm-dry weather alternate with periods of cool-
wet weather in an irregular and non-predictable pattern. 
The United States needs a food reserve.that will be large enough to tide 
us over a period of unfavorable weather, that will provide our export customers 
with a continuous and dependable supply, and that will help maintain stability 
in world prices. The reserve should be treated as a part of national security 
in such a way that it will not depress farm prices. 
Our world population has grown faster than our food supply has grown since 
1958. The population of the world is now about 3.3 billion and is expected to 
increase to about 4.0 billion by 1975. This means an additional 700 million 
people--more than live in India or the entire western hemisphere today. Because 
of the acceleration in population growth, world food production must be increased 
at a much faster rate over the next decade than the last in order to prevent 
mass starvation in parts of the world. 
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The United States produces about 15 percent of the world's supply of wheat, 
over half the corn and about two thirds of the soybeans grown in the world. The 
United States now provides about two thirds of the grain and over 90 percent of 
the soybeans imported by the food deficit regions of the world. 
Because of the growing need in the world for the food that the United States 
can produce, it is expected that we will return our reserve cropland to produc-
tion by 1975. Our expansion of grain production should be accomplished at a 
rate consistent with maintaining an appropriate level of farm income. 
We in the United States cannot close the food gap in the world, but we can 
help the developing countries help themselves with their population problem and 
food production. 
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APPENDIX 
88 
COMMENT ON THE STATISTICAL METHODS 
It is recognized that in regression and correlation analyses, there is 
sometimes a question of cause and effect relationships. The correlations in 
this study, however, are consistent with what is known from experimental 
studies with climate. It is believed that this fact lends considerable 
support to the statistical conclusions drawn from this study. 
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METHODS AND DATA USED 
Five states in the Corn and Soybean Belt -- Illinois, Indiana, Iowa, 
Missouri, and Ohio -- were selected for study. They were selected because 
(a) they produce over half the corn and soybeanH grown in the United States, 
(b) they represent more or less the center of the main producing region for 
corn and soybeans, and (c) each of these states has greater homogeneity with 
respect to soils and climate than any of the states surrounding the five-
state area. 
The nine crop reporting districts of Iowa were analyzed separately as 
a check on the accuracy of using state averages. The results of the separate 
analyses indicated that, in a state with soils and climate as homogeneous 
as Iowa, state averages provide results as reliable as district averages. 
Five states were analyzed separately to provide replication. 
The years 1930 to 1965 were selected for study because (a) it was 
desirable to have the drought years of the thirties in the analysis, (b) it is 
believed that 1930 represents the beginning of a long period of sustained 
uptrend in production per acre of corn and soybeans, and (c) one needs a 
period of 30 or more years for the statistical method selected for this 
study, 
The weather variables selected were preseason precipitation (that accumu-
lated from September through May), June rainfall, June temperature, July 
rainfall, July temperature, August rainfall, and August temperature. 
Sources of Data 
The weather data were taken from USDA Statistical Bulletin 101 for the 
period 1930 to 1948. The data were taken from Agricultural Statistics from 
1949 to 1960. The data after 1960 were taken from Climatological Data pub-
lished monthly for each state by the U. S. Weather Bureau. The data have 
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been published as divisional averages since 1960 and must be converted to state 
averages by use of conversion factors furnished by the U. S. Weather Bureau. 
The crop yield data were obtained from Agricultural Statistics and recent 
publications of the USDA Statistical Reporting Service, Crop Reporting Board. 
The daily temperature data referred to on page 19 were obtained on micro-
film from the U. S. Weather Bureau records in Ashville, North Carolina. 
The Statistical Method 
When this study was first undertaken in 1960 it was realized that yields 
had been climbing fairly steadily since 1930 and that the fluctuations about 
the trend line might be due to weather factors. The study was started with a 
desk calculator using three variables at a time: yield, years, and one weather 
factor (July rainfall or August temperature, etc.). In other words, multiple 
regression was tried as a means of differentiating between years (or technology 
trend) and weather. From this first step, the approach was to try various 
weather variables along with years and yield until it was determined which 
weather variables might be useful in analysis. The next step was to try 
multiple linear regression with nine variables using an IBM high speed com-
puter. While multiple linear regression indicated the possibility of differ-
entiating between weather and technology it was realized that weather might 
be related to yield in a curvilinear fashion. Consequently the method finally 
adopted was the use of a linear and squared term for each weather variable. 
This technique results in a quadratic equation fitting a parabola. The parabola 
is logical since it provides for an optimum level, and provides for a declining 
yield if (for example) the temperature is too cool or too warm, or if the 
rainfall is too low or too high. 
In the present study the "mean," or average, of each weather variable was 
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subtracted from each observation of that partic':llar variable, so that in the 
regression analysis we are dealing with the departure from the mean of each 
weather variable. Therefore, the departure from the mean is squared for each 
weather variable to provide for the quadratic equation. 
~ Technology Trend ~ Soybeans 
The technology trend for soybeans was established by simply having one 
variable for years. The year 1930 was 1, 1931 was 2, 1932 was 3, etc., and 
1965 was 36. 
.:!!!! Technology Tr·end !2!, ~ 
After 1960, corn yields started climbing at a faster rate due to heavier 
fertilization, thicker plant populations, etc. The trend in yield increase 
was fairly steady from 1930 to 1960, but somewhat steeper from 1935 to 1941 
than from 1930 to 1935 or from 1942 to 1960. To estimate the slope of the 
technology trend, two variables were used. One variable takes care of the 
trend from 1930 to 1958 and another variable takes care of the trend since 
1958. 
Variable No. 1 reaches its maximum effect in 1957 and remains constant 
in its effect from 1958 to 1965. Variable No. 2 has a constant and minimal 
effect until 1958 and expresses the increase for technology after 1957. 
Variable No. 1 was adjusted to show a slow uptrend until 1935, a faster 
uptrend until 1941 and a slower trend until 1948, and then a trend from 1948 
to 1957 that represents the average trend from 1930 to 1957. The adjustment 
in trend agrees with what is known about technological influences from 1930. 
to 1957, including hybrid corn and fertili~er application rates. 
Variable No. 2 was adjusted to double the rate of increase after 1960 
due to the rate at which fertilizer applications were increased after 1960. 
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Table 1. The Model for the Technology Trend for Corn 
Years Variable No. 1 Variable No. 2 
1930 1.0 1 
1931 1.5 1 
1932 2.0 1 
1933 2.5 1 
1934 3.0 1 
1935 4.0 1 
1936 5.5 1 
1937 7.0 1 
1938 8.5 1 
1939 10.0 1 
1940 11.5 1 
1941 13.0 1 
1942 14.0 1 
1943 15.0 1 
1944 16.0 1 
1945 17.0 1 
1946 18.0 1 
1947 18.5 1 
1948 19.0 1 
1949 20.0 1 
1950 21.0 1 
1951 22.0 1 
1952 23.0 1 
1953 24.0 1 
1954 25.0 1 
1955 26.0 1 
1956 27.0 1 
1957 28.0 1 
1958 28.0 2 
1959 28.0 3 
1960 28.0 4 
1961 28.0 6 
1962 28.0 8 
1963 28.0 10 
1964 28.0 12 
1965 28.0 14 
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Determining the Average Responst.! .~f 
Cor!2. and Soybe . ms !,£ Weather Varia"t les. 
The punched cards for the five states were combined to provide a total of 
180 card~, thus representing 180 years of data since each state represents 36 
years. 
Five variables were used to distinguish between the states in the follow-
ing manner. For all cards for Ilhn•Jis: variable 30 was given the value of one 
for each year, and variables 31, 32, 33, and 34 were all given zero values for 
all years. For all cards for Indiana: variable 31 was given a value of one 
for all years while variables 30, 32, 33, and 34 were all given zeros for all 
years. This process was repeated for other states so that finally, variable 
30 identified Illinois, and variables 31, 32, 31, and 34 identified Indiana, 
Iowa, Missouri, and Ohio respectively. 
The analysis was made with the computer using raw sums of squares instead 
of corrected sums of squares. The coefficients for variables 30 to 34 became 
the equivalent of the "a" values. 
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Table 2 shows the regression coefficients. The standard errors of the 
equation are 4.24 (bu. per acre) for corn and 1.76 (bu. per acre) for soybeans. 
The R2 is 94.1 for corn and 89.4 for soybeans. 
Table 2. The coefficients for the regression equations for the five-state area. 
1 trend 1930-1957 
2 trend 1958-1965 
3 trend 1930-1965 
7 Preseason Precip* 
8 Pre. Precip. squared 
10 June Rain 
11 June Rain squared 
13 June Temp. 
14 June Temp. squared 
16 July Rain 
17 July Rain squared 
19 July Temp 
20 July Temp. squared 
22 Aug. Rain 
23 Aug. Rain squared 
25 Aug. Temp. 
26 Aug. Temp. squared 
30 Illinois 
31 Indiana 
32 Iowa 
33 Missouri 
34 Ohio 
Corn 
.7684 
1.6488 
.0926 
-.0251 
-.4376 
-.0409 
-.0187 
-.2096 
2.9150 
-.3083 
-.2221 
-.0880 
.3769 
.1109 
-. 3776 
-.1166 
40.5067 
38.6713 
39.7116 
24.0022 
37.5216 
*Variables 7 to 26 are departures from the mean 
Soybeans 
.3142 
.0693 
-.0120 
.1020 
-.0242 
.0819 
-.0571 
.9622 
-.0199 
.0853 
.0033 
.6377 
-.0473 
-.1385 
-.0272 
17.8409 
16.0779 
16.5112 
11.4487 
15.8289 
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Table 3. The "a" value and the regression coefficient for trend and the weather 
variables for the analyses of corn yields in five states. 
Illinois Indiana Iowa Missouri Ohio 
"a" values 
39.06 39.78 43.45 24.60 38.63 
Variables* coefficients 
1 .8740 .7427 0 7494 .6932 .8887 
2 1.8687 1.8156 1.1286 1.4341 .9447 
7 .1652 -.3111 .6317 .2215 
-.1483 
8 -.0223 -.0109" -.0494 -.0097 -.0612 
10 -.3138 -.4961 -1.7162 -.8671 
-0 7725 
11 -0 2772 -.0328 .1713 -.1466 .6859 
13 -.3263 -.0774 -.0057 .0558 -.2608 
14 -.2414 -.1713 -.2820 -.1168 
-.0467 
16 2.5176 3.5360 1.4001 2.9313 3.9881 
17 -.2161 -.6285 .6305 -.2777 -1.5428 
19 -.3955 -.5852 .5457 -.6692 .2050 
20 -.1398 .0265 -.3914 -.0035 -.1265 
22 .8133 2.0006 .1136 -.6479 1.4213 
23 .1802 -2.5129 -.3879 .1739 -.2586 
25 .0704 -.7669 -1.1046 -.5857 -1.0415 
26 -.1591 -.2019 -.0921 -.1544 -.3072 
*See Table 2 for identification of variables 
Standard errors for the equations are: Illinois 3.77, Indiana 4.23, Iowa 4.01, 
Missouri 3.55 and Ohio 3.54. 
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Table 4. The "a" values and the regression coefficients for trend and the 
weather variables for the analyses of soybean yields in five states. 
Variables* 
3 
7 
8 
10 
11 
13 
14 
16 
17 
19 
20 
22 
23 
25 
26 
Illinois 
21.35 
.1735 
-.0390 
-.0336 
-.1531 
-.1806 
-.0831 
-.0368 
1.1889 
-.1687 
-.2410 
.0617 
.6341 
-.3097 
-.2081 
-.0232 
Indiana Iowa 
"a" values 
15.81 16.66 
.3236 
.0401 
-.0015 
.0743 
-.0095 
.0944 
•• 0606 
1.0478 
-.0968 
-.0049 
.0839 
.9700 
-.4170 
-.1474 
-.0903 
coefficients 
.3249 
.2352 
-.0455 
-.3249 
-.0590 
.0883 
-.0434 
.3280 
.3139 
.• 3434 
- .117T 
.2947 
.0134 
-.3671 
.0246 
*See Table 2 for identification of variables 
Missouri 
8.37 
.4492 
.1178 
-.0165 
.0292 
.0174 
.1382 
-.0772 
.6868 
.0109 
-.0628 
.0206 
.2633 
.1896 
-.3760 
-.,0392 
Ohio 
16.41 
.2959 
.0714 
-.0117 
.2067 
.1389 
.0310 
-.0354 
1.4202 
-.2999 
.3742 
.0139 
.8160 
-.0258 
-.0738 
-.1037 
Standard errors for the regression equations are: Illinois 1.35, Indiana 1.40, 
Iowa 1.51, Missouri 1.61, and Ohio 1,37. 
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Illinois Weather and Yield Data 
Pre- Soy 
Year Season June June July July August August Corn Bean 
Precip. Rain Temp. Rain· Temp. Rain Temp. Yield Yield 
1930 23.26 3.36 71.9 1.01 79.1 1-97 76.4 26,5 17.0 
1931 20.26 3.19 75.5 2.97 79.3 3.90 74.5 37.0 18.0 
1932 27.17 4.08 74.0 3.32 77.6 5.53 74.9 43.0 20.0 
1933 32.27 1.48 78.2 2.41 78.1 2.67 73.7 27.0 15.0 
1934 15.93 3.01 79.0 3.24 81.7 3.82 75.5 21.5 19.0 
1935 34.66 5.99 68.2 3.33 79.0 2.59 75.7 38.5 18.0 
1936 20.59 1.66 72.8 1.22 83.5 2.66 81.0 24.0 16.0 
1937 31.99 5 .• 07 71.7 3.18 75.7 2 •. 39 78.1 48.0 20.0 
1938 29.25 5.23 70.6 4.74 77.1 3.33 77.7 45.0 23.5 
1939 25.67 5.13 73.6 3.37 76.7 4. 78 73.5 52.0 24.5 
1940 17.76 2.92 73.2 1.53 76.9 4.01 75.2 43.0 17.5 
1941 19.00 4.34 73.4 2.75 77.0 2.74 76.5 53.0 21.0 
1942 32.97 5.44 72.4 4.89 76.8 3.53 73.4 54.0 20.5 
1943 30.33 3.84 75.1 3.00 77.;5 2.97 17 .o 50.0 20.5 
1944 25.52 ·2.42 76.0 1.83 76.2 3.80 75.5 45.0 21.0 
1945 28.24 . 6 .• 65 68.4 1.46 73.8 . 3.47 74.2 46.5 20.0 
1946 29.06 4.40 72.3 2.41 76.3 5.97 70.7 57.0 23.5 
1947 27.78 6.31 69.8 1.86 73.0 2.20 81.9 39.5 18.0 
1948 25.88 3.93 71.8 5.45 75.5 1.74 74.9 61.0 24.0 
1949 27.38 4 .. 19 74.7 4.40 78.6 2.90 74.6 56.0 26.0 
1950 34.40 5.63 71.2 3.98 72.9 3.63 70.4 51.0 24.0 
1951 25.43 6.17 69.7 4.63 74.8 3.71 73.0 55.0 25~5 
1952 27.61 4.64 )7.8 3.44 78.1 2.97 73.7 '58.0 24.0 
1953 21.64. 3.42 77.1 3.67 77,4 1.12 75.5 54.0 20.5 
1954 18.71 3.56 76.3 2. 79 • 79.3 5.04 75.4 50.5 21.5 
1955. 26.20 3.86 68.6 3,41 80~5 2.56 77.5 56.0 23.0 
1956 23.31 2.63. 74.0 4.76 74.9 3.82 75.2 68.0 28.5 
1957 26.69 6.47 72.5 4.33 77.1 2.91 74.7 64.0 25.5 
1958 22.64 6.16 68.2 8.12 73.9 3.33 74.7 69.0 28.0 
1959 24.19 1.56 i3.7 3.31 75.2 4.29 78.0 67.0 26.0 
1960 28.08 5.59 70.4 2.98 73.9 2.92 75.4 .68.0 26.0 
1961 23.69 3.28 70.8 5.80 75.0 3.16 73.8 77.0 28.5 
1962 31.09 3.38 12.5 4.89 73.8 2.51 74.1 83.0 28.5 
1963 19.81 2.12 73.9 5.04 75.1 2.88 71.9 85.0 29.5 
1964 20.63 3.64 73.7 3.17 76.4 2.32 73.2 )8.0 25.0· 
1965 24.40 3.98 71.8 3.56 73.5 6'.14 72.5 92.0 29.0 
Averages: 25.62 4.13 72.9 3.51 76.7 3.34 75.1 54.0 22.1 
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Indiana Weather and Yield Data 
Pre- Soy 
Year Season June June July July August August Corn Bean 
Precip. Rain Temp. Rain Temp. Rain Temp. Yield Yield 
1930 28.54 2.60 71.0 1. 78 77.4 2.07 74.4 27.5 14.0 
1931 19.81 3.61 73.9 3.08 78.4 4.38 73.8 39.0 17.8 
1932 29.74 4.64 72.9 3.48 76.4 3.67 74.0 37.5 16.0 
1933 40.15 1.16 77.2 2.56 77 .o 2.79 72.8 29.5 15.0 
1934 19.10 3.55 77.5 2.42 80.6 4.68 74.2 27.0 16.0 
1935 29.36 4.75 68.2 3.57 78.0 3.12 75.2 38.0 17.0 
1936 21.59 1.37 71.8 1.59 81.4 3.04 79.4 25.5 14.0 
1937 37.46 4.56 71.0 3.67 74.6 3.56 76.4 45.0 17.0 
1938 31.46 5.22 69.8 5.25 75.6 3.21 76.2 41.0 20.0 
1939 28.07 6.12 73.6 4.19 75.2 2.65 73.8 51.5 19.5 
1940 22.17 3.10 72.2 1.49 75.9 2.74 75.5 37.0 13.5 
1941 17.63 5.64 72.4 2.54 76.4 2.33 74.8 45.0 17 .o 
1942 30.05 5.55 72.3 4.03 76.2 3. 71 73.0 54.0 20.0 
1943 30.96 3.58 75.6 4.22 76.3 2.51 75.4 49.0 18.5 
1944 26.29 1.80 75.6 1.68 76.2 4.01 75.2 38.0 16.5 
1945 29.45 6.65 68.2 3.44 73.2 3.60 73.0 53.0 19.5 
1946 30.08 4.12 71.3 2.62 75.1 3.31 69.6 51.0 19.0 
1947 29.18 5.21 69.0 3.12 71.2 3.44 79.8 43.0 18.5 
1948 26.53 4.37 71.8 4.48 74.9 1.95 73.6 60.0 22.0 
1949 34.44 5.36 74.7 3.50 78.4 3.66 73.8 52.0 24.0 
1950 39.93 5.76 69.6 3.78 72.1 3.47 70.5 48.5 22.5 
1951 31.38 4.63 70.0 3.89 74.1 2.60 72.1 53.0 22.5 
1952 32.72 4.84 76.2 2.49 77.3 2.92 72.8 50.0 23.5 
1953 25.89 2.72 75.3 4.40 75.8 2.06 74.3 51.5 21.0 
1954 20.37 2.91 74.7 3.24 76.9 4.93 
• 
73.7 55.5 24.0 
1955 29.09 3.28 67.2 4.80 79.2 2.68 76.5 56.0 21.5 
1956 31.50 3.25 72.3 3.49 73.7 2.93 73.2 62.0 24.0 
1957 26.92 7.09 71.7 4.19 75.0 2.81 72.8 59.0 24.5 
1958 26.71 8.08 66.8 8.07 73.4 4.42 72.2 63.0 27.0 
1959 28.82 2.46 71.9 4.04 74.2 3.07 77 .o 62.0 26.0 
1960 27.12 6.05 69.1 3.38 72.2 3.13 74.3 68.0 27.0 
1961 26.93 4.19 68.8 4.66 73.8 3.20 72.4 74.0 28.0 
1962 27.35 3.04 71.4 5.58 72.6 3.15 72.6 82.0 28.0 
1963 22.73 2.44 71.4 5.39 73.3 2. 71 69.8 87.0 27.5 
1964 25.10 4.20 72.5 4.03 74.6 1.91 71.7 72.0 23.5 
1965 24.94 3.05 70.7 3.51 72.3 4.17 70.9 94.0 28.0 
Averages: 28.04 4.19 71.9 3.65 75.5 3.18 73.9 52.2 20.9 
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Iowa Weather and Yield Data 
Pre- Soy 
Year Season June June July July August August Corn Bean 
Precip. Rain Temp. Rain Temp. Rain Temp. Yield Yield 
1930 17.75 5.83 69.0 1.49 77.9 2.42 74.4 34.0 15.5 
1931 14.76 3.83 75.0 2. 72 77.2 3.30 72.6 32.9 15.5 
1932 27.99 5.17 72.0 3.12 75.8 7.10 72.2 43.0 18.0 
1933 16.76 1.64 77.8 3.45 76.1 3.01 70.5 40.0 17.0 
1934 11.36 3.49 77.2 3.85 79.7 2.84 73.4 23.0 11.5 
1935 22.71 7.00 65.9 3.35 79.4 2.42 73.6 38.4 16.3 
1936 17.91 2.85 70.1 .51 83.4 3.48 79.2 20.0 13.8 
1937 23.31 3.80 69.0 2.63 75.9 3.99 77.8 44.6 18.5 
1938 18.53 4.67 69.2 4.24 76.5 3.82 75.7 46.3 21.1 
1939 18.56 5.32 71.4 3.15 76.2 4.72 70.7 52.2 20.6 
1940 12.45 3.56 71.3 4.57 76.7 6.44 70.7 52.3 19.9 
1941 16.05 6.20 70.0 2.24 75.1 1.94 75.1 51.0 16.9 
1942 27.10 5.93 69.7 4.89 74.3 3.17 72.2 59.9 19.3 
1943 19.05 6.16 71.6 4.56 75.4 5.07 74.0 54.7 19.2 
1944 20.79 5.88 71.7 3.73 72.6 5.88 71.8 52.0 20.1 
1945 21.88 4.70 64.1 2.96 72.1 3.43 72.5 43.5 18.2 
1946 20.02 6.41 69.8 2.45 73.8 3.56 68.9 56.7 22.8 
1947 23.17 10.39 66.3 1.72 72.8 1.49 80.6 30.5 15.2 
1948 19.15 3.42 68.6 4.14 75.0 2.54 73.9 60.5 22.4 
1949 18.28 5.51 72.4 3.47 76.2 2.34 73.0 46.1 22.8 
1950 18.45 5.70 68.4 4.65 69.7 2.39 67.7 48.2 21.7 
1951 22.00 6.11 65.2 4.45 72.1 6.21 70.5 43.1 20.6 
1952 19.05 5.40 74.2 3.84 74.7 4.78 70.0 62.2 25.3 
1953 15.67 5.31 73.2 3.28 74.6 2.33 73.2 52.9 21.4 
1954 15.92 6.36 72.9 1. 79 77.4 7.10 72.1 53,.8 26.0 
1955 16.75 3.07 67.2 3.29 79.8 1. 79 77.2 48.4 19.8 
1956 12.34 2.56 74.7 4.51 72.7 4.42 73.0 52.8 19.9 
1957 15.82 4.84 68.9 3.54 77.9 3.76 72.9 62.1 26.7 
1958 15.24 3.80 66.4 7.55 70.5 2.55 73.0 66.0 25.1 
1959 21.72 4.11 71.5 2.29 72.3 4.92 76.3 64.2 26.1 
1960 25.08 4.43 67.4 2.76 72.6 5.36 73.2 63.2 25.7 
1961 17.79 3.36 69.4 5.51 72.6 3.04 72.4 75.4 28.5 
1962 26.61 3.12 69.1 6.27 71.6 4.31 72.5 77.1 27.4 
1963 15.59 2.64 73.8 5.51 74.7 3.80 71.1 81.5 30.4 
1964 16.84 5.07 70.0 4.09 76.4 3.84 69.3 79.0 28.5 
1965 21.90 3.83 69.1 3.42 73.1 4.09 70.9 82.0 25.5 
Averages: 19.01 4.76 70.4 3.61 75.1 3.82 73.0 52.6 21.2 
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Missouri Weather and Yield Data 
Pre- Soy 
Year Season June June July July August August Corn Bean 
Precip. Rain Temp. Rain Temp. Rain Temp. Yield Yield 
1930 24.82 3.77 72.4 1.00 81.2 1.99 78.5 15.0 7.0 
1931 25.41 2.75 77.1 3.31 80.3 4.97 74.9 25.5 9.0 
1932 26.81 4.81 75.2 3.61 79.8 5.70 77.2 27.5 10.0 
1933 31.92 1.47 78.4 2.67 79.3 3.82 75.4 23.5 9.0 
1934 20.10 2.82 80.4 1.18 86.2 4.01 80.6 6.5 5.5 
1935 38.03 9.25 69.6 3.12 80.8 2.26 77.7 19.0 7.0 
1936 21.14 1.42 76.5 1.52 85.3 .84 84.6 10.5 5.0 
1937 34.21 4.93 74.4 4.06 77.9 2.05 80.5 27.5 9.5 
1938 29.86 4.77 72.4 3.50 79.7 2.62 81.1 25.5 10.5 
1939 27.36 5.64 74.6 2.91 80.0 4.80 75.4 29.5 10.0 
1940 18.96 4.36 73.5 1.58 77.7 5.78 75.6 31.0 13.0 
1941 20.04 4.23 74.1 2.75 79.3 3.15 79.2 29.5 11.5 
1942 36.32 7.70 73.3 2.85 78.8 4.24 75.1 36.0 15.0 
1943 32.22 6.39 75.8 2.49 79.6 2.46 79.8 31.5 15.5 
1944 28.40 2.55 76.4 2.62 77.6 6.09 75.9 34.5 17.5 
1945 34.92 8.84 69.5 2.10 75.1 2.08 76.8 28.5 13.0 
1946 33.42 2. 72 73.9 2.68 78.9 5.64 74.0 37.5 20.0 
1947 29.66 8.19 72.6 2.17 75.0 1.81 83.4 25.0 12.0 
1948 26.64 7.43 73.3 5.45 77.4 2.14 76.1 45.5 20.0 
1949 29.00 6.55 75.2 4.90 78.8 3.04 75.1 41.0 21.0 
1950 34.57 4.14 72.9 4.47 72.8 6. 72 71.2 44.0 23.0 
1951 21.93 8.95 71.0 5.59 76.7 5.14 76.2 34.0 20.0 
1952 28.81 2.27 80.8 3.48 79.7 5.12 75.7 41.0 19.0 
1953 21.98 2.14 80.4 1.92 79.2 1.31 77.7 33.5 14.0 
1954 19.27 3.21 77.2 1.40 84.2 5.06 80.1 23.0 14.5 
1955 27.25 4.62 69.6 3.02 81.4 2.69 78.3 40.0 17.5 
1956 20.22 3.39 74.8 5.57 77.9 3.05 78.8 48.0 20.0 
1957 29.91 6.75 73.5 3.27 79.3 2.12 77.1 4l~. 0 21.5 
1958 28.84 5.30 72.3. 10.12 76.4 2.32 76.8 56.0 26.0 
1959 24.93 2.27 74.0 3.92 75.4 3.09 79.0 55.0 22.0 
1960 28.56 3.89 72.6 3.62 75.5 2.97 77.6 52.0 21.5 
1961 29.47 3.38 71.1 6.10 76.3 2.70 74.7 62.0 24.5 
1962 29.65 4.15 73.0 3.17 77.2 2.28 77.2 58.0 22.5 
1963 26.46 3.31 75.7 3.80 78.0 3.38 76.4 61.0 24.0 
1964 22.23 4.98 73.1 2.90 78.6 4.00 75.0 51.0 21.5 
1965 24.08 5.56 73.2 4.85 76.6 4.79 75.1 72.0 26.0 
AverfYi,eS: 27.42 4.69 74.3 3.43 78.7 3.51 77.3 36.8 16.1 
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Ohio Weather and Yield Data 
Pre- Soy 
Year Season June June July July August August Corn Bean 
Precip •. Rain Temp. Rain Temp. Rain Temp. Yield Yield 
1930 28,33 2.26 70.0 1.54 75.6 2.40 72.0 26.5 14.0 
1931 19.53 3.54 70.8 3.99 77.2 5.ll 72.7 45.0 20.0 
1932 26.52 4,03 71.0 4,42 73.7 2.10 72.8 36.5 15.5 
1933 33.12 1.82 74.4 2.55 74.7 3.65 72.1 34.0 16.0 
1934 18.87 3.59 76.0 2.73 78.6 4 .. 27 71.9 32.0 17.0 
1935 22.06 3.96 67.4 4.93 16.7 6.03 73.2 44.0 21.0 
1936 22.54 1.74 70.3 3.06 77.0 3.S9 76.1 33.0 15.5 
1937 32.59 6.07 69.7 4.27 73.2 3.20 74.7 43.0 19.0 
1938 28.25 4.08 68.5 4.99 74.2 3.10 74.9 44.0 21.0 
1939 26.66 6.55 72.5 4.15 72.9 2.02 72.7 50.0 21.0 
1940 25.14 4.79 70.6 1.93 73.3 4.18 72.8 38.0 15.5 
1941 11.52 5.91 70.9 4.15 75.1 3~35 71.7 49.5 19.5 
1942 24.22 4 •. 19 71.2 3.98 74.7 3.48 71.3 56.0 22.0 
1943 30.11 3.37 74.7 6.01 74.2 2.88 72.4 49.5 21.0 
1944 22.14 3.08 73.1 1.69 74.3 4.02 73.7 38.0 16.5 
1945 29.03 4.91 67.5 3.57 71.7 1.98 71.6 50.5 18.0 • 
1946 28.35 5.94 69.0 3.09 72.7 2.51 67.0 49.0 18.0 
1947 27.92 5.55 67.8 3.79 69,4 4.39 77.3 41.0 18.5 
1948 27.94 4.01 70.1 3,62 73.6 2.57 72,4 58.5 20.5 
1949 30.30 4.2$ 73.S 4.22 75.5 3.31 73.2 56.0 24.0 
1950 30.92 4.37 68.2 4.30 70.8 2.88 69.5 52.0 22.5 
1951 32.18 4.59 69.7 2.60 73.2 1.30 11.0 48.0 19.0 
1952 32.16 2.80 74.2 3.16 76.3 2.72 71.9 53.0 22.0 
1953 23.11 2.81 72.6 3.54 74.4 2.10 72.8 55,0 20.5 . 
1954 19.21 3.43 n.o 3.36 73.3 4.85 71.3 61.0 25.0 
1955 26.64 2.66 66,4 4.19 77.4 3.23 75.6 59 .. 0 24.5 
1956 30.56 3.92 69.8 4.51 72.4 3.94 71.6 60.0 24.0 
1957 24.22 5.78 70.8 2.72 73.2 1.72 71.3 54.0 23.0 
1958 25.33 6.18 65.5 7.89 73.0 4.41 70.4 60.0 26.0 
1959 27.14 2,81 70.1 4.28 73 .. 8 2.45 75."9 63 .. 0 25.0 
1960 25.33 3.62 68.3 3,91 70.7 3.24 73.2 68.0 24.5 
1961 24.33 4.26 68.1 5.07 72.5 3.18 71.'9 74.0 28.0 
1962 23.95 1.98 70.3 4.47 71.3 1.83 71.7 76.0 25.5 
1963 25.10 2.52 69.3 3.60 12.1 2.82 68.4 78.0 23.5 
1964 23.79 3.60 70.Q 2.86 73.9 2.92 70.0 ~5.0 22.5 
1965 23.96 2.19 68.9 3.06 70.8 3.82 70.1 75 .. 0 24.5 
Au:mges: 26.08 3.92 70.4 3.78 73.8 3.21 72.3 .52.1 20.9 
